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MOV E in Sound and Color 
.... AVAILABLE W 


Here is a film created to bring hydraulic prin- 


ciples out of the realm of abstraction and make 
them a part of every-day living on the modern 
farm. Simple and clear enough for instruction 
at the secondary level, the treatment is tech- 
nically sound — and so vivid that it fortifies 
understanding at higher levels, too. In fifteen 
fast-moving minutes it establishes a foundation 
of essential theory, shows construction and 
operation schematically, includes a wealth of 
applicational scenes. Arrange to see —or to 


show — this movie soon. 


WHAT THEY DOD. 


By action scenes with a dozen or 
more implements and machines, 
“Hydraulic Controls’ teaches 
solid lessons in conservation farm- 
ing, in saving labor, time, and 
other farming costs. Disk harrows 
are angled and de-angled on-the- 
gO, sparing grass in waterways and 
on headlands. Both mounted and 
pull-behind implements are given 
attention. Function of the port- 
able hydraulic cylinder is demon- 
strated, as is the interchangeabil- 
ity of ASAE standard cylinders. 


@HOW THEY woRK 


Animated mechanical drawings 
show valves as they open and 
close; the pump pumps and oil 
flows; the hydraulic piston moves 
in or out at the will of the driver. 
Clear pictures and plain language 
make the workings of hydraulic 
controls easy to understand, hard 
to forget. The companion book- 
let of the same title can be studied 
at home and in class. 


Case Visual Education Materials 
Sound-slide films, 16-mm. movies in 
sound and color, booklets, wall charts 
and posters—all offered at no charge. 
Useful in teaching soil and water con- 
servation and the best in modern farm 5 . 7 , 
methods. Send for free booklet “Case Films are loaned and booklets provided without charge to agricultural col- 
J; 3, - ‘ i ary nied : 4 . . . 
Visual Education Materials.” It lists and leges and appropriate groups—extension workers, county agents, vocational 
describes each, tells how to order. A real E fi 

help to instructors and club officers in agriculture teachers, student clubs. College instructors and student groups 


planning teaching or program schedules. are invited to schedule this movie through their nearest Case dealer or 
Address nearest branch or Racine office. Fi : 4 ae " a 
branch, or to write to Educational Division, J. I. Case Co., Racine, Wis. 
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When you select and specify from the complete 
Chain Belt Company line of chains, you are not 
limited by the limitations of an incomplete line! You 
can select the chain that will best fit your equipment 
from the view of service, cost and efficiency. 


If, for example, cost and operating factors require 
a steel detachable chain, or a cast detachable chain, 
or a standard roller chain, or a double-pitch roller 
chain, or a cast pintle chain or what have you, 
you'll find exactly the chain you want. 

And, by specifying Chain Belt, you simplify your 
selection problems. One manufacturer assumes all 
responsibility for all chains. One order cancover all 
requirements. You simplify ordering and inventory. 

You're not limited on quality. Chain Belt Com- 
pany has 60 years’ experience in the design, manu- 
facture and application of quality chains. Rex Field 
Sales Engineers have the application experience 


of MILWAUKEE 


A Sp, 
® BALDWIN REX 


\) 
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that can benefit you in your chain selections ...can 
help you select and apply the chain that will deliver 
more per chain dollar. They are not handicapped or 
prejudiced by the restrictions of an incomplete line. 


Why not have your Rex Field Sales Engineer 
assist you in reviewing your chain selection and 
application problems with an eye to lower costs... 
improved efficiency? Call or write your nearest Dis- 
trict Sales Office or mail the coupon. 


ccc occn nooner 


COMPANY 


S1-110 


’ 
| Chain Belt Company 

] 1680 W. Bruce St. 

| Milwaukee 4, Wis. 

| Gentlemen: ; 3 

| Please send me information on your complete chain line for 
i agricultural machinery. 
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Standard and Special Ball Thrust Bearings 
Angular Contact Ball Bearings * Special 
Rollar Bearings * Ball Retainers 
Hardened and Ground Washers ¢ 

Sleeves © Bushings © Miscellaneous 
Precision Parts 
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Protected by U.S 
Patent Nos. 1,958,725 
ond 2,140,818. 


AGAIN IN ’51 


more of the nation’s 
leading cars, trucks and tractors will 
be equipped with the Aetna T-type 
Clutch Release Bearing than with 
any other type . . . a sound reason 
for suggesting that you too, specify 
this first and finest T-type bearing 
\. for YOUR mobile vehicles. q 


AETNA BALL AND ROLLER BEARING COMPANY 


4600 Schubert Ave. 


Chicago 372, Illinois 
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Look at all these 


Yes, you can believe your own eyes... You can 
take a good look and see why Firestone Tires pull 
better and last longer. 


Notice the bars. You'll see they’re curved to cup 
and grip the soil for a firm, sure hold to eliminate 
slippage. 

Examine the openings between the bars. See how 
they flare out at the shoulders to permit automatic 


EXTRA FEATURES! 


soil release. You'll notice there’s no “wedged-in” 
pinching nor bar-end soil cramping. 


Look at the treads of these tires. Observe how 
wide, how flat they are for full traction contact, 
long, even tread life. 


Only Firestone gives you all these extra features. 
Only Firestone gives you your choice of top quality 
in either Open Center or Traction Center design, 
So, before you buy, LOOK! 


Copyright, 1951, The Firestone Tire & Rubber Co. 
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Improve Machinery 
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They Cut Power Waste-—Increase Output 


@ Getting more work out of equipment 
—with fewer delays and replacements 
can be accomplished with high efficiency 
(98-99%) finished steel Diamond Roller 
Chain Drives. 

When you see farm implements and 


machinery marked ‘‘Diamond Roller 
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Chain equipped”, dealer and user are 
assured maximum in long-life service and 
satisfaction. DIAMOND CHAIN COM- 
PANY, Inc., Dept. 616, 402 Kentucky 
Avenue, Indianapolis 7, Indiana. 
Offices and Distributors in All 
Principal Cities 


ROLLER CHAINS 


Performance 
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Steel—silent partner in the barnyard 


Manufacturers know that barnyard equipment must 
stand up to the elements, year after vear, in all kinds 
of weather. ‘Vhat’s why so many of them use Armco 
Special-Purpose Steels in their products — thev give 


long, trouble-free service under the severest conditions. 


Agricultural engineers also recommend Armco 
extra-quality steels. They know that each was de- 
veloped for a specific farm use. Armco Zinccrip and 
Armco Stainless, for example, resist rust from rain and 


snow. Armco ZiNccRiP-PAINTGRIP 1s ideal for equip- 


ARMCO STEEL CORPORATION 


HEADQUARTERS AT MIDDLETOWN, OHIO, WITH PLANTS AND SALES OFFICES FROM 
THE ARMCO INTERNATIONAL CORPORATION, WORLD-WIDE 


COAST TO COAST »* 


ment that must take and hold paint. Armco ALuMI- 
NIZED Stecl resists heat-and-corrosion. 

Whither it’s hog feeders, stock tanks, or dairy 
equipment, Armco Special-Purpose Steels in the 
finished product give the buver more for his money. 

When barnyard and other farm equipment is made 
of these extra-quality steels, the farmer can be sure 
he is buying premium quality products — made of 
steels especially selected to give him long, low-cost, 


pRMCO 


WY 


money-making service. 
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for agricultural implements and tractors 


Vickers series V-200 vane pumps 


The best pump value for agricultural hydraulics 
because of exclusive “hydraulic balance” design and automatic 
wear compensation that maintains full power throughout service 
life. No-load starting . . . easier cold weather cranking. For 1000 
or 1500 psi operation, depending on shaft speed. 


TYPICAL PERFORMANCE CURVE 
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REVOLUTIONS PER MINUTE 


Vickers hydraulic power pack 


A compact, convenient “package” consisting of Vickers Vane 
Pump, overload relief valve, one or more operating valves (single 


Ask for 
New Mobile 
Equipment Catalog 
M-5100 


ICKER$ Incorporated , 


DIVISION OF THE SPERRY CORPORATION 
1516 OAKMAN BLVD. e¢ DETROIT 32, MICH. 
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Vickers multiple unit control valves 


Standard interchangeable units assembled in any combination 
desired to lift, hold, lower, etc. Load cannot slip when valve spool 
is shifted. Surges and back pressure cannot interfere with easy, 
accurate positioning. Built-in relief valve protects entire hydraulic 
system against damage by overload. 


*Heavy Duty 


and double acting), oil tank and filter. Made in a variety of types 
and sizes for 1000 and 1500 psi operating pressure, depending 
upon shaft speed. Provides instantaneous, easy and accurate control 
by operator. Adaptable for practically all mountings and drives. 


TYPICAL PERFORMANCE CURVE 
AT 1000 PSI 
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Application Engineering Offices 
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SUN TRAP IN MAINE—This broiler house near Thorndike, Maine, 
is glazed with Thermopane insulating glass. Thermopane 1s also 
being used successfully in cow barns, milking houses, hog farrowing pens 
and other farm buildings to achieve conditions more conducive to better 


animal health and production. 


HOW TO MINIMIZE WINTER LOWS 


When temperatures drop suddenly, partic- 
ularly on cold nights, poultry and livestock 
suffer in ways that may endanger their 
health and their production. 


Proper window treatment can be a big 
factor in avoiding this condition. It calls 
for several steps in farm building planning 
and modernization: 


1. Use large windows, facing south, to cap- 
ture as much sun heat as possible during the 
day. On cold, clear days windows so 
oriented bring much heat into a building. 
This warmth aids in moisture control and 
the sunshine has beneficial germicidal effect. 


2. Insulate windows. With double glass in 
windows, a heat trap is formed. Radiated 
heat, entering with the sun’s rays, is held 
inside by the insulating effect of the double 
glass with air space between the panes. Pro- 
tection is thus provided against sudden tem- 
perature drops outdoors, and more daytime 


BS Shermopane 
GLASS) 


a anes LOOK FOR THE NAME ON THE SEAL BETWEEN THE PANES —————~— 


a SOE 
ew Toe 


heat is kept inside during cold nights. 


3. Use Thermopane* insulating glass in the 
windows. It’s the easiest way to insulate 
windows. You leave it in all year. Thermo- 
pane consists of two panes of glass with 
dehydrated air hermetically sealed between 
them. This blanket of air keeps the inner 
pane warmer. Thus, drafts are reduced, 
chilling of air at the windows is consid- 
erably diminished, and condensation on 
the glass is minimized. 


Thermopane may be installed in fixed sash or 
ventilating sash. Generally, it is wise to 
choose windows with large glass areas, free 
from light-robbing and dirt-catching cross 
members. Thermopane, made in a wide 
range of sizes, is sold by glass and building 
supply distributors and dealers. Write for 
our folder “Improved Farm Building Day- 
lighting”. Libbey*Owens:Ford Glass Com- 
pany, 2421 Nicholas Bldg., ‘Toledo 3, Ohio. 
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Two Panes of Glass 


Blanket of Dry Air 


Bondermetic Seal* 
(Metol-to-Glass) 
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OBERDORFER PUMPS SYRACUSE 1, NEW YORK 


The Questionable Future of Agricultural Spraying in 1951 


The effective control of insects and weeds by low pressure 
spraying is attested to by the hundreds of thousands of bronze 
rotary gear pumps Oberdorfer has placed in the field during the 
past four years. Our Federal Government, in this emergency, re- 
quires substantial crop production increases for the coming season, 


From cotton in the Mississippi Delta thru wheat in North 
Dakota, oats in Oregon and on to tobacco in the Carolinas, the 
harvest of most every major agricultural crop in this country may 
be materially increased by following recommended local spraying 
procedures. This will involve the use of a spray machine equipped 
with one of the many styles and types of all-bronze, low pressure 


rotary gear pumps for which this company has been the internationally 


accepted manufacturing standard for over fifty years. 


There is no question but that there will be an acute shortage 


of such low pressure spraying equipment as a result of the increased 


acreage to be sprayed plus the: recently approved low pressure 
spraying program about to be placed in operation on a large scale 
thruout the cotton belt. There will not be enough pumps to go 
around. 


We request that all dealers and distributors of spraying 
equipment using the Oberdorfer Pump estimate their demand without 
delay and place their orders with spray equipment manufacturers as 
soon as possible. Then we both may present to the Director of the 
Office of Production & Marketing Facilities, U. S. Dept. of Agri- 
culture, in Washington, concrete evidence of our metal require- 
ments so that metal may be allocated by the Federal Government in 
sufficient time to be of use in the 1951 spraying season, 


Agricultural Pump Division 
Oberdorfer Foundries, Inc, 
Syracuse-l1, New York 
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Only steel gives you all these advantages : 


OPEN WORK AREAS—Steel construction allows you the 
maximum amount of unobstructed floor space. Large ma- 
chinery can be stored, repaired and moved freely without 
interfering support posts. 


SUPER-STRENGTH—Steel is the strongest structural, roofing 
or siding material you can buy. Only steel has that extra 
margin of strength and safety that means weather-tight 
buildings even in the worst storms. 


LONG LIFE—LOW COST—Steel buildings, properly main- 
tained, will last a lifetime. Upkeep is practically nil. When 
you consider the slow depreciation and reasonable first 
cost, it’s easy to see why you get more for your money when 
you build with steel. 


FIRE PROTECTION—Fire insurance underwriters generally 
recommend steel construction—and steel buildings can re- 
ceive the lowest rate of insurance. If your buildings contain 
valuable machinery or crops, you can’t afford not to have 
the permanent fire protection of steel. 


LIGHTNING PROTECTION—When your steel buildings are 
properly grounded, you can stop worrying about lightning 
damage. You don’t need lightning rods, either. 


NEAT APPEARANCE—Steel buildings will often raise the 
value of your farm far beyond the cost of the buildings 
themselves. They look neat and attractive to neighbors and 
prospective farm buyers. If you decide to sell, you’ve got a 
tangible investment in good construction that any buyer 
can recognize. 
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AMERICAN STEEL & WIRE COMPANY, CLEVELAND 
COLUMBIA STEEL COMPANY, SAN FRANCISCO 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL COMPANY, PITTSBURGH 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


2 eae 
Le) by yw 
ta Send the coupon for further information— — 
| Agricultural Extension Bureau 
al United States Steel Company 
Room 4233 Carnegie Building 
Pittsburgh 30, Pa. 


Please send me free literature about steel farm 
! buildings. Building will be used for 


U-S-S STEEL ROOFING and SIDING | 
| Approximate size or capacity 

“3 | Send information to: 

1 Name 

I Address... . 

| County 


| United States Steel Company is a steel producer, not a I 
steel fabricator. Your request, therefore, uill be sent to 

| building manufacturers who fabricate steel buildings | 
for farm use. 
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Allis-Chalmers Manufacturing Co. 
American Farm Machinery Co. 
Ariens Company 
B. F. Avery & Sons Company 
Badger Machine Co. 
John Bean Division, 

Food Machinery & Chemical Corp. 
Berger Manufacturing Co. 
Better-Bilt Manufacturing Co. 
The N. P. Bowsher Company 
David Bradley Mfg. Works 
Calkins Manufacturing Co. 


Canadian Cooperative Implements, Ltd. 
J. 1. Case Company 

Central Texas Iron Works 

Coats Loaders & Stackers 

Cockshutt Plow Company, Ltd. 
Continental Belton Company 

H. W. Creager Manufacturing Co. 
Danuser Machine Company 

Dearborn Motors Corporation 


John Deere Manufacturing Co. 
Detroit Harvester Company 


Dobbins Manufacturing Co. 
Eagle Manufacturing Co. 
Farm Tools, Incorporated 
A. B. Farquhar Company 
Harry Ferguson, Inc. 
Food Machinery Corp. 
Fox River Tractor Co. 
Friend Mfg. Co. 

Gehl Bros. Mfg. Co. 
Gibson Mfg. Corp. 

Hardie Manufacturing Co. 
The Horn Manufacturing Co. 
International Harvester Co. 

letz Manufacturing Co. 

Lundell Manufacturing Co. 
McGrath Manufacturing Co. 
Massey-Harris Company 
Meili-Blumberg Corp. 
Messenger Manufacturing Co. 
Minneapolis-Moline Company 
Mooers Machine Works 

Sam Mulkey Company 

The F. E. Myers & Bro. Company 


National Farm Machinery Co-op., Inc. 
New Holland Machine Co. Div. 
of The Sperry Corp. 
New Idea Division, Avco Mfg. Corp. 
Oliver Corporation 
Olson Mfg. Company 
Owatonna Mfg. Co., Inc. 
Papec Machine Co. 
Portable Elevator Mfg. Co. 
Red Cross Manufacturing Corp. 
Roper Manufacturing Co. 
Schield Bantam Co. 
Scott Viner Company 
Silbaugh Mfg. Company 
Standard Steel Works 
Superior Separator Company 
Syracuse Chilled Plow Co., Inc. 
Vermeer Mfg. Co. 
Viking Manufacturing Co. 
Wetmore Pulverizer & Machine Co. 
Winpower Manufacturing Co. 
Wood Brothers Mfg. Co. 
and others... 


Look at these NAMES! 
A list of distinction ... using 
BLOOD BROTHERS Universal Joints 


When firms like these choose component parts, 
their engineers are skeptical and tough. That’s 
why it’s significant that Blood Brothers gets 
such an overwhelming vote of approval! 


For upwards of 18 years so far, the engineers 
in some of these firms have specified Blood 
Brothers Universal Joints and Drive-Line As- 
semblies. Through the most brutal factory tests 


— through the roughest, toughest wear-and-tear 
of field use — they've proved their capacity to 
“take power around corners” . . . dependably. 
As a measure of user preference, these names 
speak for themselves. They're strong evidence 
that you— and your customers — can rely on 
Blood Brothers Universal Joints. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED 


BLOOD BROTHERS machine co. 


Agricultural Universal Joints 


ALLEGAN, MICHIGAN 
Division of Standard Steel Spring Company . . . Chicago Office: 122 S. Michigan 
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Triple-alloy steels containing nickel offer designers the 
following triple advantages: 


OUTSTANDING PERFORMANCE-—Strength and 
toughness, resistance to wear, fatigue or shock to meet 
a wide range of requirements, as dictated by design. 


RELIABILITY-—based on consistently uniform re- 
* sponse to heat treatment. 


ECONOMY -~ resulting from standard compositions 
* precisely graded to match the engineers’ needs. 


THE INTERNATIONAL NICKEL company, INC. &2%23's% 


76 


Service records established by triple-alloy steels over a 
period of years show that they are giving excellent re- 
sults in many diverse and exacting applications. 


The many standard combinations available permit 
accurate and economic selection for specific uses. 


Because of their many advantages, these triple-alloy 
steels warrant your careful consideration when planning 
new or improved designs. We shall be glad to furnish 
counsel and data upon request. 
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The 


Human Factor 
in Reliability 


It takes considerable Pride of Accomplishment 
to keep a man working at the same task for a 
quarter of a century. 


Here at Mechanics, over ten percent of the 
workers (one out of every ten) have been making 
universal joints — the best they know how — a 
for 25 years or more. : 


This devotion to an ideal is reflected in the re- J 
liable service that always has characterized 
Mechanics Universal Joints. 


Our engineers will be glad to show you how 
MECHANICS Roller Bearing UNIVERSAL 
JOINTS will help insure the reliable operation 
of your product. 


a eee 


MECHANICS UNIVERSAL JOINT DIVISION 


Borg-Warner @ 2046 Harrison Avenue Rockford, Illinois 
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Mowing Lawns 


Lr 


, w 
- ¢ 


Mowing Weeds 


FAFNIR PILLOW BLOCKS 
offer the most capacity in 
the least space. Incorporate 
the famous Fafnir Wide In- 
ner Ring Ball Bearing with 
Self-locking Collar. 


FAFNIR 
RADIAL BALL BEARINGS 


available in single and dou- 
ble row designs, in duplex 
crrangements of matched 
Pairs, and various arrange- 
Ments of seals and shields. 
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GRAVELY TRACTOR — FAFNIR Ball Bearin 


Plow, harrow, spray, clear snow . . . there 
are twenty different jobs that can be done 
by the versatile little Gravely Tractor and 
its attachments. Such a variety of jobs puts 
a stiff burden on bearings and since they 
have much to do with the full productivity 
of Gravely’s power equipment, they are 
subjected to rigid specifications. 

Fafnir Ball Bearings are used in the 
transmission of the Gravely Tractor and 
throughout its many attachments. The 
snow blower illustrated shows two Fafnir 
Ball Bearing Pillow Blocks on the main 
shaft of the impeller that chews up snow. 


FA F 


Plowing 


Snow Blowing 


Based on long and satisfactory experi- 
ence, America’s leading farm implement 
makers use many types of Fafnir Ball Bear- 
ings. Performance records aren't the only 
reason, however, for this choice. Of equal 
importance is the Fafnir attitude and apti- 
tude . . . a way of looking at ball bearings 
from the users’ point of view ...an aptitude 
for doing just what they'd like done about 
their specific bearing problems gained from 
forty years of ‘‘ground floor” experience in 
not just One or two industries but in virtu- 
ally all industries. The Fafnir Bearing 
Company, New Britain, Connecticut. 


N IR 


BALL BEARINGS 


b Ag 
MOST COMPLETE cS: 


LINE 
=% 


IN AMERICA 
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Only 30 henequen leaves in 1,000 will do for IH twine. 
To maintain such high standards, International Harvester 
operates its own plantation. Here’s a native worker har- 
vesting choice, mature leaves from which henequen fiber 
for twine is extracted. After drying and bleaching, our 
factories transform it into famous IH twine. 


Twine must pass the break test before it can wear the IH 
trade mark. Quality-minded inspectors multiply normal 
field strains many times with tensile strength testers — 
record the pull twine withstands before breaking. They 
also check uniformity and evenness of strand attained by 
combing the blended fibers eight times. 
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How tropical fibers 
become top-notch IH twine 


A report to you about men and machines 
that help maintain International Harvester leadership 


Sliver test double-checks baler twine after henequen fiber 
from Cuba and hemp from the Philippines have been sci- 
entifically blended. An IH inspector is shown weighing a 
sample of blended fibers before spinning. This is to make 
sure it will produce high quality twine that meets exact- 
ing IH standards for length, weight and strength. 


Workers autograph each ball of twine. Balls of IH twine 
look like peas in a pod, but each one carries the name of a 
balling machine operator. This is one of many inspection 
checks and countless safeguards that protect the quality 
of IH twine from plantation to packaged product. Inter- 
national Harvester Company, Chicago 1, Illinois. 


INTERNATIONAL HARVE STER 


International Harvester Builds McCormick Farm Equipment and Farmall Tractors . . . ee 


Motor Trucks .. ger Crawler Tractors and Power Units... gx 


Refrigerators and Freezers... tL 
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Texaco 
MARFAK 


“This is the only motor oil you 
need,” says Texaco Man W. F. Revere, 
Urbanna, Virginia, to Sam Bray, Farm 
Manager of the famous old Rosegill 
Farm. “Tests prove Custom-Made Havo- 
line not only outperforms Premium motor 
oils but good heavy-duty oils, too.” 


Texaco Petroleum Products are Manufactured and Distributed in Canada by McColl-Frontenac Oil Company Limited. 
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Loads corn 
on truck without 
hand labor 


ve J — — = 
ot TIS tes ps SERS SS 


re Re 
po de st leon Aart So 
Ma. ARSE LS ode, TS I ee Soe 


Peter Kautz (right) shows 
Texaco Man Howard Bell how 
easy it is to load feed with his 
portable elevator. Mr. Bell is the 
tank truck driver for Texaco 
Man D. C. McCornack of St. 
Charles, Illinois. 


—> 


One thing farmers need is depend- 


able, neighborly service—and that's 
what they get frem Texaco Men like 
Worth Bellamy (left), Goldendale, 
Washington. Worth is having a friendly 
chat with Mr. Ross Crafton who, with 
his son Royal, operates the 1130-acre 
R Hanging C Ranch. The Craftons are 
getting a tankful of Fire-Chief, the gaso- 
line that packs extra power for low-cost 
operation. 
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Shows How A Champ Is Raised —See it at 
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ings better and longer—resists jar-off, drip-out, 
wash-off or dry-up. It’s the kind of lubricant 
farmers need for their machines, tractors, 
trucks and cars. 


™ work of loading the truck to 
carry corn to the barn to feed 60 
head of cattle was a time-consuming 
hand-labor job for Peter Kautz, 
well-known farmer of Route 2, West 
Chicago, Illinois, until he made the 
elevator shown at left. 

Built at a cost of $10, plus the cost 
of a 12-hp. motor, and using parts of 
old machines, Mr. Kautz’s elevator 
fills the truck in a few minutes, sav- 
ing time and eliminating hand labor. 

Mr. Kautz, like keen farmers from 
coast to coast, has found that it pays 
to farm with Texaco Products. 


your local Texaco Farm Meeting. 


This exciting movie being 
shown at Texaco Farm Meet- 
ings across the country. Your 
Texaco Man can tell youwhen_, 
and where you can see it. 4 
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LINK-BELT 
SCREW i 
CONVEYOR fF 


IMPORTANT ELEMENT ON A GROWING 
LIST OF AGRICULTURAL IMPLEMENTS 


Feeds material to fan 
on forage blower 


The jobs Link-Belt Screw Conveyor can perform 
are becoming more and more numerous as en- 
gineers utilize its unique qualities . . . simplicity, 
ruggedness, uniform construction and availability 
in a wide range of gauges, pitches and diameters. 
Not only adapted for conventional purposes, 
these versatile elements are also finding increased 
usage for boring, elevating, mixing, spreading 
and feeding applications. 


Gathers grain 
on combine 


With years of experience and adequate manu- 
facturing facilities, Link-Belt is especially well 
equipped to supply screw conveyor and flighting, 
either continuous rolled ‘‘Helicoid"’ or sectional, 
separately or welded to pipe or shafting as re- 
quired. 


Simple, compact, positive and durable, Link-Belt 
Screw Conveyors are well suited to many agri- 
cultural implement purposes. Link-Belt engineers 
will gladly cooperate with you in making effec- 


tive use of screw conveyors in your new designs. 
Conveys hay 


on baler LINK-BELT COMPANY 


Chicago 9, Indianapolis 6, Philodeiphio 40, Atlanta, Houston |, 
Minneapolis 5, Son Francisco 24, Los Angeles 33, Seattle 4, 
Toronto 8, Johannesburg. Offices in Principal Cities. 12,214 


Transfers 
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harvester iW 


Elevates feed - 
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“Hyatt Equipped” 
means longer life for farm machinery 


From the earliest types of farm tractors to the streamlined models of 
today Hyatt Roller Bearings have been standard equipment in the best 
known makes of farm machinery. 


Proof of performance is backed up by the fact that the leading manu- 
facturers have built in Hyatts, year after year, to serve well and last 
longer. 


These preferred roller bearings have gained the confidence of dealers 
because of freedom from failure. “Hyatt Equipped”’ is all the buyer 
needs to know about the quality of the bearings in any piece of farm 


machinery. Hyatt Bearings Division, General Motors Corporation, 
Harrison, N. J. 
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Partners in Progress 


ECOGNITION of the importance of agricultural engi- 

neering to the farm equipment industry was included 
in the address of Theodore Johnson, president of the Farm 
Equipment Institute, in his presidential address to that body 
at its annual convention in October. On this subject he 
said, in part, “We should continue to develop new machines 
and improve those we now have. ... We have not, in spite of 
all the progress that has been made in the past, in spite of all 
the engineering effort which has been put forth by the in- 
dustry through the years and is being put forth at the present 
time, reached the point where we can say that there is 
nothing further ahead of us.” 

Specifically he mentioned opportunity to improve the in- 
dustry’s mechanical and parts service, and to work for the 
continuing development and application of farm equipment 
for soil and water conservation, pest control, safety, and 
improved farm practices. 

It is good to see in the industry this further emphasis on 
the fact that agricultural engineering in the development and 
application of its products is an important influence on the 
capacity of the industry to be of genuine service to farmers. 
It is good to see among leaders of the industry, other than 
engineers, a recognition of the need and opportunity for con- 
tinued work by agricultural engineers; a keen appreciation of 
the possibility of providing farmers with still better equip- 
ment and methods. 

In return, we believe we can honestly say that practically 
all agricultural engineers, including those in public service as 
well as those in industry and private practice, appreciate the 
contribution of manufacturing and sales to the value of agri- 
cultural engineering work. That contribution is the quantity 
production and effective distribution of the equipment neces- 
sary in most cases to enable farmers to practice the improved 
methods suggested by the research and development work of 
agricultural engineers and scientists. Agricultural engineers 
and the farm equipment industry are truly close partners in 
serving agriculture. 


Adapting Equipment to Users 


PERATORS or users are important factors among the use 
conditions which must be taken into account in devel- 
oping a successful engineering design. 

Designers of mechanical, structural, and electrical equip- 
ment for farm use, and even designers of land-surface profiles 
for soil and water control, have found by hard experience 
that this is the case. 

A farmer's size, proportions, senses, responses, strength, 
dexterity, agility, endurance, resistances, general and specific 
knowledge, mental concentration or ‘preoccupation, habits, 
training, and even unexplained preferences influence his will- 
ingness and capacity to use any specific design safely, effec- 
tively, and with satisfaction. 

In the agricultural engineering field considerable know- 
how recognizing these human factors has been brought to 
design work more or less unconsciously in the farm back- 
ground of designers. It has been supplemented by engineering 
contacts with farmers in field test work and by the accumu- 
lated experience of sales and service departments. In fact, 
designers have practically forgotten the day when their major 
concessions to the farm equipment operator were a contoured 
mild-steel seat and location of essential control levers some- 
where within reach. 

In agricultural engineering and in other fields of engineer- 
ing application as well, this recognition of the user and his 
characteristics and limitations has remained largely a matter 
of fragmentary lore and has not been built into a well- 
organized branch of engineering knowledge. Progress in design 
showing increasing recognition of the tser has been spas- 


modic. Refinement of adaptation to the operator has not kept 
pace with the internal refinement of devices and physical 
functions apart from the human factor. 

A step toward correcting this situation has recently been 
taken by publication of the “Handbook of Human Engineer- 
ing Data for Design Engineers.” It was prepared by the 
Institute of Applied Experimental Psychology of Tufts Col- 
lege, for the Office of Naval Research. 

We have not yet seen this handbook and do not know to 
what extent the data in it may apply to various types and 
items of agricultural equipment or to farm workers, It seems 
likely that it will include few if any direct references to the 
design of agricultural equipment, but that it may suggest a 
multitude of considerations which need attention in attempt- 
ing to improve the adaptation of equipment to farm users. 
Additional thought along these lines should stimulate con- 
siderable progress in engineering toward making an equipment 
item and its operator a more effective working unit. 


Machine Tools for the Farm 


NE of the major production lessons of World War II 
taught us that farm production in astronomical figures 
can not be taken for granted. 

Reemphasis on that point, as a matter of important public 
information, has been provided in recent months by the Farm 
Equipment Institute. 

In their words ‘Farm machinery and equipment are the 
‘machine tools’ of the farmer and no less essential to him than 
machine tools are to industry.” 

In our thinking it follows that an important part of the 
work of agricultural engineers is the continuing improvement 
of farm machines and their application as machine tools, 

Many agricultural engineers have undoubtedly thought of 
their work in these terms for a long time. For others who 
may not have done so, it may help to clarify objectives, and 
provide a standard by which to measure various possible 
approaches to specific problems. 


Water for Manufacturing 


OME interesting sidelights on public understanding and 

appreciation of water problems have shown up in a recent 
report, entitled “Water in Industry.’’* 

This report is based on a recent nationwide survey of rep- 
resentative manufacturers, largely on factual matters as to 
use of water by various types of industries. A few opinion 
questions were included in the survey, however, relating to 
iocal potentialities for expansion of water use, and to pollution. 

We were particularly impressed by the indicated wide 
divergence of opinions on these matters. Representatives of 
individual areas looked at the water in their areas and failed 
to arrive at any clear-cut consensus of opinion. 

Presumably the respondents answering the questionnaires 
for their respective companies were responsible executives most 
directly concerned with water supply. In many cases they may 
have been engineers. 

As to potentialities for expansion of industrial water use 
in their own localities, the largest single group of replies was 
that in which the respondents frankly admitted that they did 
not know. As one extreme example, representatives of ten 
plants in the Dayton, Ohio, area replied, eight saying they 
did not know, and two saying that a few additional water- 
using plants in the area would be possible. Among represen- 
tatives of 44 plants in the Buffalo, N. Y., area, 9 per cent felt 
that the water resources of the area were being used to 
capacity, and at the other extreme, (Continued on page 124) 

*National Association of Manufacturers, 14 West 49th St. New 
York 20, N. Y., and Conservation Foundation, 30 East 40th St., New 
York 16, N. Y 
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It’s no secret that Ingersoll Discs stay on the 
job acres longer than ordinary discs. And it’s no secret why! 
That extra acreage is built right in. You see—only Ingersoll 
Discs are made of TEM-CROSS Steel. Ingersoll’s own remarkable 
steel that’s cross-rolled to prevent split or curled edges . . . specially 
heat-treated for super-tough springiness. So Ingersoll 
Discs work better—longer. 
Leading implement makers know it-—and supply Ingersoll Discs 
as standard equipment on tillage tools. Farmers know it—and 
insist on Ingersoll for disc replacements. Now you know it—so 
specify Ingersoll-Galesburg for all requirements. Order Heat-Treated for 
normal work—Super-Alloy for rough and tough tillage conditions. 


Heat-Treated Discs. 


Work Better—Longer 


THE WORLD'S LARGEST MANUFACTURER 


International Farmall Trac- 
ee ae saat : 
quipped with Ingersoll | Ingers is Dises 


SPECIALISTS IN TILLAGE STEELS 
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Design and Performance Characteristics of the Flywheel- 
Type Forage - Harvester Cutterhead 
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HE forage-harvester method of handling forage crops 
is basically one of the most efficient of all present 
methods. This fact has been verified many times by 
agricultural economists* who have studied both the labor 
requirements and the over-all cost of harvesting the crop. In 
the job of harvesting corn or grass silage the machines now 
on the market produce a product which is generally without 
criticism. Only in the job of haymaking (where the hay is 
field-dried ) is there occasion for criticism. 
These criticisms are common, in some Cases very outspoken, 
in others just a realization that ‘all is not well. Farmers and 
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contribution of the Power and Machinery Division 

The author: Orrin I. Berct 
versity of Wisconsin, Madison 

AvuTHorR's Note: The results reported in this paper represent the 
combined efforts of F. W. Duffee, chairman of the agricultural engi- 
neering department, O. I. Berge and L. H. Hodges, University of Wis- 
consin, together with the cooperation of the J. I. Case Co. 


, extension agricultural engineer, Uni- 


*The Agricultural Situation, vol. 34, no. 10 (October, 1950). 


DtAGRAM | DIAGRAM 2 
ROTATION THROAT TTER 
HAFT 
PLANE OF 
ROTATION 
KNIFE WO.1 
DIAGRAM 3 DIAGRAM 4 DIAGRAM 5 


€ OF 
ROTATION 


PLANE OF 
ROTATIO 


Fig. 1 Diagrams of a number of different knife mountings that may be 
used in the forage-harvesting cutterhead 


feeding experts are saying that there is too much dust; the 
chopped hay often heats worse than long hay in the mow 
because the short lengths pack too tightly; the cattle often 
prefer long hay when given access to both long and chopped 
hay. They say too that the hay is hard to handle in feeding. 
These criticisms are valid. They have been verified in studies 
by feeding authorities. In one study at the Wisconsin College 
of Agriculture where cattle were allowed free access to long 
hay and various lengths of chopped hay from 0.25 to 1.8-in 
cut, the cattle ate more long hay than all the different lengths 
of chopped hay put together and indicated a distinct prefer- 
ence for the longer cuts as compared to the short cuts of 
chopped hay. 

If this efficient labor-saving method is to be fully accept- 
able in meeting the farmers’ needs, this defect must be remedied. 
The importance of the hay crop is reflected in the 73,624,000 
acres devoted to hay in the United States as against 126,836,- 
000 acres in small grains, 77,846,000 acres in corn for grain, 
and 4,065,000 acres in corn for silage. 

These facts present a challenge to agricultural engineers to 
design a cutterhead for the forage harvester which will pro- 
duce a product that the cow will like, and do this, if possible, 
without the need of a special machine nor excessive costs 
which would make it economically unfeasible for the farmer. 

This is the background for the study which began at the 
University of Wisconsin in 1946 when the cooperation of the 
J. I. Case Company was secured in furnishing a machine in 
which modifications could be made. 

Feeding trials had indicated that a longer cut was the key 
to the palatability problem; therefore efforts were directed to 
this end. It would seem at first glance that this is nothing 
more than a problem of increasing feed-table speed relative to 
cutterhead speed. This is correct up to the point where feed- 
ing interference occurs, but is further complicated by the fact 
that leaf and stem separation and leaf pulverization may 
occur after cutoff when the cut mass is abruptly accelerated 
and tossed about within the housing at high velocity. 

Feeding experience seemed to indicate that at least a 3-in 
theoretical cut was desired and that this would be long enough 
if the hay was not further beaten and pulverized in its de- 
livery from the housing. 

Theoretical cut refers to the measured advance of the feed 
mechanism per knife passing the shear bar. The actual meas- 
ured length of the cut material delivered will be the same as 
the theoretical only when the major axis of the cut material is 
parallel to feed table travel as with corn for silage. The 
actual average length of cut will always be greater than the 
theoretical for materials such as legume hay where the bulk 
of the material is more or less crosswise to the shear bar, 
provided that there is not excessive beating or pounding action 
within the cutterhead and blower housing which further pul- 
verizes the material. 

Fig. 1 presents diagrams of a number of different knife 
mountings which may be used in the cutterhead. It is known 
that the problem of securing a longer cut is determined largely 
by the question of feed interference. The following formulas 
show the relationship between knife angle, length of cut, spac- 
ing of knives, and proper distance between the flywheel shaft 
and the inner edge of the throat. 
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Fig. 2 (Top, left) Arm No. 1, side view ¢ Fig. 3 (Top, right) Arm 
No. 1, end view ¢ Fig. 4 (Bottom, left) Arm No. 2, side view « 
Fig. 5 (Bottom, right) Arm No. 2, end view 


Diagram 1 (Fig. 1) shows the dimension R to be deter- 
mined. Diagram 2 illustrates the maximum length of cut L 
that can be secured without interference from the knife. Three 
types of knife mountings are illustrated in Diagram 3, 4, and 
5. The following notations will apply: 

L=Maximum length of cut in inches (Diagram 2) 

R=Minimum radius to be determined (Diagram 1 ) 

K=A dimension as shown in Diagram 2 


Y =Circumferential distance between knives at radius R 
(Diagrams 1 and 2) 


N=Number of knives 
A=Angle between knife and plane of rotation. 


The following formulas apply for Diagrams 2, 3, and 4: 
2 7 R=Circumference at radius R 
NY =Circumference at radius R 
Y=L/tan A 
NY=NL/tan A=27R 
R=NL/(27 X tan A) 


The following formulas apply for Diagram 5, Fig. 1: 
K (Diagram 2) =1,/cos A 
Then K (Diagram 5) =?,/cos A 
and R=N (L++#,/cos A)/(27 X tan A) 


Fig. 6 (Left) Clogging of end supports, arm No. 3 ¢ Fig. 7 (Right) 
Flow lines of material passing through cutterhead 


Example (Diagram 3, Fig. 1): Assume 2 knives; 
angle A=4 deg, and length of cut 3 in. 
Then R= (2X 3)/(2 X 3.1416 X tan 4) 
= 13.67 in. 


Example (Diagram 4, Fig. 1): Assume 4 knives; 
angle A= 20 deg, and length of cut 3 in. 
Then R= (4 X 3) /(2 X 3.1416 X tan 20) 
== 4,25.an. 


Example (Diagram 5, Fig. 1): Assume 4 knives; 
angle A=27 deg; t, = 3 in, and length of cut 3 in. 
Then R=4 [3+ (0.75/cos A) }/(2 X 3.1416 X tan 27) 
= 4.8 in. 


The example of Diagram 3, Fig. 1, shows that a two-knife 
machine, with a 4-deg knife angle and a knife mounting 
common in the flywheel machines, would require a minimum 
of 13.67 in from the center of the flywheel to the inner edge 
of the throat to avoid interference. Assuming a throat width of 
only 14 in, this would require an extremely large cutterhead of 
56-in diameter or more. My reversing the knife so as to put 
the bevel to the shear bar and increasing angle A to 20 deg, 
Diagram 4, Fig. 1, there is no interference when R=5.25 in 
with four knives. Assuming a 14-in throat width, a cutter- 
head of 42in would be amply large. It appears from this 
that the most promising way of improving the operating 
characteristics of the flywheel-type cutterhead is to build a 


Fig. 8 Plotting of scoured area, short cut 


Fig. 9 Plotting of scoured area, long cut 
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Fig. 10 Plotting of path of single particles of long and short cuts 


machine with a knife angle similar to that shown in either 
Diagram 4 or 5, Fig. 1. 

A cutterhead was built up using a knife mounting similar 
to that in Diagram 4. The arm support consisted of a very 
light steel section, extremely streamlined. This light arm 
(Figs. 2 and 3) performed well in test runs, being entirely 
free of feed interference. The cutterhead was operated for a 
time with the top half of the housing removed and minus the 
fan blades. The absence of throw, the light power require- 
ment and the absence of leaf shattering in the product indi- 
cated the design was functionally correct. It was structurally 
weak, however, and, being extremely light in weight, difficulty 
with the drive belt developed when used in actual chopping 
trials. 

Cast-steel arms (Figs. 4 and 5) were then designed and 
an external flywheel of 400]b weight added. This gave very 
fine performance with the exception that (a) the external 
flywheel was not desirable for structural and safety reasons 
and (b) the cast-steel arms were expensive and a desirable 
substitute was sought. 

In the next design the housing was widened from 67% to 
9in and a %4-in round steel plate 38 in in diameter added to 
the cutterhead inside of the housing. This disk, weighing 
approximately 240 lb, served as a support for the fan blades 
and served as a flywheel which was needed when operating 
at slow speeds. 

Three different arm supports were built up and tested in 
the search for a substitute for the cast-steel arms which would 
be sufficiently rigid and yet give the same freedom to material 
movement. In each of these we attempted to place a support 
between the disk and peripheral end of the knife arm. The 
development of these supports was predicated on the idea that 
the knife blade and arm would pass through the cut material 
if sufficient room were available. A clearance space of 3% in 
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Fig. 14 (Left) Deflection of arm and disk 
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Fig. 11 (Left) Arm No. 4, side view « Fig.12 (Right) Arm No. 4, 


end view 


was provided between the 
knife arm and the disk 
for material to flow and 
yet after a very short pe- 
riod of operation, a clog- 
ging condition similar to 
that shown in Fig. 6 would 
develop. This indicated 
that material flow after 
cutoff was largely radial 
and that a support at that 
point would always cause 
clogging. 

This clogging was not 
severe enough to stop the 
machine, but did increase 
the power required and 
further added to the beat- 
ing action, thus reducing 
hay quality. 

Flow Lines. The study 
of paint scouring was 
used in determining the 
path which material fol- 
lowed in the cutterhead. 
Hay striking the disk in 
its movement from the 
point where it is cutoff to the periphery of the wheel left a 
trace of its movement on the freshly painted surface of the 
disk. Fig. 7 is a photograph of these lines herein called “flow 
lines’. Figs. 8 and 9 represent the results of a careful plotting 
of the scoured area with long cut (3 in) and short cut (0.47 
in) material, respectively. Fig. 10 is the plotted trace of a 
single hay particle as observed for both long and short cuts. 

These studies were made using the cast-steel arms which 
were supported only at the hub. By studying these lines we 
were able to determine possible positions for a support be- 
tween the arm and the disk which would have a minimum 
amount of interference to material flow and be an efficient 
structural member. 

The final support arm is shown in Figs. 11 and 12 with an 


Fig. 13 Arm No. 4, diagram 
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¢ Fig. 15 (Right) Deflection of knife edge 
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Fig. 16 (Left) Stone that entered the cutterhead ¢ Fig. 17 (Right) Typical damage to knives and setscrews 


end-view diagram in Fig. 13. The virtues of this support arm 
were that (a) it was equal to the cast-steel arm in functional 
performance, which includes freedom from interference to 
material flow and the final quality of chopped material; (b) it 
is cheaper to manufacture than the cast-steel arms, and (c) it 
can be reinforced to give any desired degree of rigidity with- 
out interference to material flow. 


Deflection. The John Deere Company cooperated in 
making deflection tests. For these tests a dial indicator 


was mounted on an arm securely tied to the cutterhead drive 
sprocket. Loads were applied at the outer knife mounting bolt 
located approximately 171 in from the axis of the cutterhead 
shaft. Dial indicator readings were taken at points A and B 
(Fig. 14) as close in line with the applied load as possible. 


The results are presented in Table 2: 
TABLE 2 


Deflections, in 
Load, lb Reading no 
173 1 
173 


AtA 
0.007 
0.0065 


0.007 


AtB 
0.0025 
0.003 
0.0025 


Average deflection 0.0068 tn 0.0027 in 
Deflection at the knife edge was then measured (Fig. 15). 


Results of these tests are given in Table 3. 


TABLE 3 
Load, Ib Reading no Deflections, in at point ¢ 
1 0.019 


Re 0.016 
5 0.016 


Average deflection 0.017 19 


This deflection is apparently well within the limits of the 


requirements since we have no evidence of the knife pulling 


TABLE 1. SPECIFICATIONS OF THI 


Current production model 


Early 1948 


VARIOUS MODELS OF CASI 


into the sheer bar in cut- 
ting over 800 tons of 
grass silage and corn si- 
lage and 250 tons of hay 
and straw. The practice 
in making field adjust- 
ments has been to set the 
D knife up until it strikes 
tis the shear bar and then 
back off just enough to 
clear. This will average 
about 0.005 in clearance. 
Stone Enters the Cut- 
terhead. Really objective 
evidence of ruggedness of 
the design was obtained 
June 15, 1950, when a 
hard gray stone (Fig. 16) 
of igneous origin entered 
the cutterhead. The ma- 
chine was cutting grass 
silage at 0.47-in theoret- 
ical cut with a cutterhead 
speed of 856 rpm when 
the stone weighing 8.5 
lb and 17.25 in in circum- 
ference entered the cut- 
terhead. Following was 
the extent of the dam- 
age: (a) The upper feed roll was nicked, (b) each knife was 
nicked so badly replacement was necessary, (c) two weld 
beads on knife supports were cracked, and (d) knife-adjusting 
setscrews failed in compression and had to be replaced. 
Typical damage to the knife and setscrew is shown in Fig. 


18 Analysis of forces caused by 
striking stone 


Fig 


MACHINES 


Experimental models 


Late 1948 Farly 1949 Late 1949 


Width fan housing,in 6% 6% 
Flywheel location None Outside 
Flywheel material Steel None Cast iron 
Flywheel size, in Approx. 32 x 14 None 3014 x 25/16 
Flywheel weight, lb Approx. 115 0 100 
Blower pipe size 7 in square 9 in square 
Drive to cutterhead Flat belt Double roller chain 


Knife supports Mounted on disk Angle-iron arms* 
Number knives for hay 


Number fan blades for hay 
Number knives for silage 
Number fan blades for silage 


6% 9 9 
Inside Inside 

Steel 

38x 

240 

9 in round 

Double roller chain 
Angle-iron arms? 


Inside 


7 in square 
Flat bed+ 
Angle iron* 


9 in round 
Double roller chain 
Cast-steel armst 


Both experimental models equipped with Wisconsin Model VP4 air-cooled engines rated at about 30 hp maximum 
*Angle-iron arms supported at hub only. *Cast-steel arms supported at the hub only. tAngle-iron arms supported at middle as well as at hub 
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Fig. 19 Scoured area of fan blades 


17. The force applied at the knife edge which would cause 
failure of the setscrew in compression plus sliding the knife 
back on the support was calculated as 12,330 Ib. 

The stone being approximately 5.5 in in diameter, and the 
feed advancing only 0.4785 in per cut, prevented the complete 
stone from entering the cutterhead. Each time a knife would 
strike that portion of the stone extending beyond the shear 
bar, it would tend to force it back through the feed rolls, thus 
causing the safety clutch to slip until the operator reversed the 
feed rolls and brought the stone out. Even though the knives 
apparently struck the stone with a glancing blow, the supports 
were subjected to a load of at least 12,330 lb, as shown in the 
following calculations. 

Referring to Fig.18 (and where R=resultant vertical 
force, P,=force along the knife, P,=force perpendicular to 
the knife, L=load exerted on knife due to tightness of nut, 
and U=coefficient of friction, assumed as 0.20), load P, 
force to cause failure of 7/16-in setscrew in compression plus 
UL=90,000 psit ¥ 0.0933 sq int + 0.20L, but L=T/0.20d 
where T is torque in inch-pounds and D is diameter of the 
bolt as reported by G. A. Maney in an article, entitled “Pre- 
dicting Bolt Tension” published in Fasteners, vol. 3, no. 5. 


Thus L = 1700 in-lb/(0.20 X 0.75 ) = 11,340 
P, = (90,000 * 0.093 ) + (0.20 * 11,340) 
P, = 10,665 X tan 30= 10,665 * 0.577 
R=P,/cos 30=10,665/0.866 = 


10,665 |b 
6,154 Ib 
12,330 lb. 


It is quite evident that the cutterhead and knife support of 
this machine are ruggedly built and are able to withstand 
loads far in excess of normal wear and tear. It is practically 
impossible to make sure that a stone never enters the cutter- 
head. It is therefore desirable to have the damage occur at a 
point where it is most readily repaired. 

The fact that the knife-adjusting setscrews failed in com- 
pression may have the advantage of a cushion effect and also 
allows the knife to slide upward and backward at an angle 
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Fig. 20 (Left) Rear view 
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of 30 deg, thereby increasing the clearance between the knife 
and the shear bar, possibly allowing the obstruction to pass 
through. 


Feed Interference. That feed interference does require 
added power in addition to resulting in poorer quality chopped 
hay is shown by a simple test involving fan blades. In this 
test the forage harvester was operated at identical speeds 
down identical windrows and the power determined for two 
runs. In the first test two fan blades were used behind each 
knife, the first at 45 deg and the second at 135 deg behind the 
cutting edge. Removing the second fan blade in test 2 re- 
sulted in a saving of 1.5 hp. The scoured area of the two fan 
blades is shown in Fig. 19. 


Cutterhead in Operation. Stroboscopic studies of the cut- 
terhead in operation have verified what was already suspected 
by the paint study and target method of determining where 
material actually flowed. Photographs were made by a com- 
bination of stroboscopic and strobflash equipment of both a 
cutterhead using cast-steel (No.2) or spoke-type knife sup- 
ports with an external flywheel and the steel arm (No. 4) 
with support from the disk. 

These studies were made at night in an open field with 
the forage harvester in a stationary position, being fed by 
laying a windrow of hay on a special conveyor. A special timer 
permitted varying the timing of the flash so pictures could be 
made at specific positions. These were selected at 5-deg inter- 
vals commencing 25 deg before the knife passed the shear bar 
or stationary knife and continuing 15 deg after. A study of 
these pictures (Figs. 20 and 21) reveals the following facts re- 
garding material flow: (a) The knife does not pass through 
the material, but the material is accelerated to the speed of 
the knife and moves along with it, and (b) the cut material 


makes a 60-deg turn from the horizontal to a position with. 


its major axis parallel to the surface of the knife. 


Centrifugal Force. The fact that the material is moving 
along with the knife at 15 deg after the cutoff point, as shown 
by the strobflash pictures and the dense clogging that occurred 
when the end support was used (Fig. 6), indicates that centri- 
fugal force is the dominant factor in moving material to the 
periphery of the housing where it is picked up by the fan 
wings and carried to the discharge point. 

It can be shown by the basic formula for centrifugal force 
CF=W'r »?/g that the force acting to move the material 
radially in this cutterhead operating at 550 rpm varies from 
50 to 180 times gravity in moving the particle from the inner 
edge of the throat to the housing band in the cutterhead under 
consideration. The magnitude of this force explains the dense 
conditions of material found trapped behind any obstruction 
to its radial movement. 

From the nature of material movement within the cutter- 
head it seems that the amount of clear space between the 
supporting arm and the disk or housing should be related to 
the volume of material handled with each cut rather than the 
length of cut alone. A machine with a 14-in throat, 51/-in 


15 deg after cutoff, showing cut material following knife. Stems aligned with face of arm « Fig. 21 (Right) End view 


20 deg after cutoff, showing cut material following knife. Note projection of feed for next cut and clearance provided 
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Fig. 22 Shows how material carried by the knife bolt is released at 
any time 


feed roll lift and a 3-in cut, cuts off hay with a volume of 
231 cuin per cut when operated at full capacity. This mass 
must find room behind the knife if it is to have unimpeded 
flow to the discharge point and minimize beating. 

The cross-sectional area of the delivery elbow and spout 
must also be sufficiently large if throttling of material flow at 
this point is to be avoided. The width of the elbow and spout 
used in the experimental machine is equal to the housing 
width of 9in. An efficient curve for a delivery spout is a 
cubic parabola of the formula x=y* with values of x from 
0 to 1.4 or 1.57. 

Material Throwout Studied. One of the tests used in 
judging the efficiency of a knife support and fan blade position 
was to operate the cutterhead with the top portion of the 
housing open. If cut material is following the design path, 
then all of it should pass out through the discharge pipe. Any 
material thrown out of the housing at any other point indi- 
cates inefficient operation since this hay will contribute to the 
load of later fan blades and result in greater beating action. 

Fig. 22 illustrates how material carried around by a pro- 
jecting knife bolt is released at points other than the discharge 
point. 

One of the refinements of the knife-mounting design which 
eliminated the throwout caused by material clinging to the 
bolt projections, was the addition of a cone-shaped deflector 
around the bolt head (Fig. 13). 

Power and Capacity Trials. Several trials of horsepower 
and capacity were made with this cutterhead using different 
types of arm supports. Horsepower determinations were made 
by calibrating engine manifold pressure with operation on a 
prony brake. Calibration curves were prepared for five changes 
in engine-governed speed. In field operation, the manifold 
vacuum was recorded at four or five second intervals and an 
average reading for the run determined. Weight, moisture, 
and time data were recorded for each run. From this data the 
tons per hour and horsepower-hours per ton were calculated. 
To offset errors caused by engine deterioration, the engine was 
returned to the test stand periodically and another calibration 
curve prepared. The maximum capacity secured with two 
knives was 14.22 tons per hour of 26 per cent moisture hay 
requiring 21.6hp average or 1.52 hp-hr per ton. Greatest 
efficiency was secured in a test run at 325 rpm when two tests 
were run averaging 1.04 hp-hr per ton. Comparative figures 
on other cutterhead designs are not available. 

One of the advantages of the long cut and a two-knife 
machine is that sufficient hay-chopping capacity can be 
realized with lower cutterhead speeds. Reducing cutterhead 
speed is particularly desirable in improving the quality of the 
chopped hay. The lower limit of cutterhead speed with a 
two-knife machine will be determined by capacity, while with 


tDuffee, F. W.: New Developments in Forage Harvesting. AGRI- 
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TABLE 4. SUMMARY OF POWER AND CAPACITY 
TRIALS WITH HAY 
1 2 3 + 5 6 7 8 9 
Cutter- Moisture 
Type No. head when Tons Tonsperhr, Avg Hp-hr Hp-hr 
arm knives rpm cut,% perhr 20% hay hp _ per ton* per tont 
4 2 325 8 1.88 5.60 5.1 1.04 0.91 
4 4 350 56 16.35 t 12.85 0.79 t 
) 2 450 30 10.25 8.96 16.1 1.56 1.80 
2 2 $00 19 8.77 8.9 13.6 1.55 1.53 
2 2 550 26 14.22 13.1 21.6 1.52 1.64 


*Column 6 divided by column 7 using observed tonnage 
Column 5 divided by column 7 using moisture corrected tonnage. 
tNo method of correcting for moisture. 


a three or four-knife machine which has sufficient capacity at 
lower speed, the determining factor in speed will be delivery 
of material to the rear end of a trailing wagon. Delivery of 
material to the trailing wagon has been accomplished with 
cutterhead peripheral speeds as low as 3300 fpm, but a speed 
of 4400 fpm is more satisfactory to get full loading of the 
wagon. At these low speeds separation of leaf and stem and 
leaf pulverization (that is, dust) are practically zero, giving 
maximum quality of the product. The efficiency of the curva- 
ture of the delivery pipe is an important consideration, as a 
poorly designed curve may slow up the material excessively. 

A further advantage of reduced speeds is the economy of 
power. Power to operate a forage harvester is divided be- 
tween the following: (a) Friction and air movement of the 
empty cutterhead, which has been determined for the experi- 
mental cutterhead and is shown in Fig. 23, (b) power to 
operate the feeding mechanism, (c) power to shear the ma- 
terial, (d) power to accelerate the mass to peripheral speed, 
and (e) power to overcome friction between the cutoff ma- 
terial and the housing. 

The exact division of power between these factors is un- 
known. Tests by F. W. Duffee with corn silage on stationary 
cutters has shown that blowing alone may require approxi- 
mately 36 per cent or more of the total power. 

The power required to accelerate the material can be 
calculated by determining the change in kinetic energy when 
the material is accelerated from 0 velocity to the peripheral 
velocity of the fan wings. Since the basic equation for kinetic 
energy is M\V/?/2, this factor will vary as the square of the 
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cutterhead speed, if the quantity per hour remains constant 
in both cases. 

The power to overcome friction against the housing is the 
product of centrifugal force, W#V?/gr, the coefficient of fric- 
tion and peripheral velocity. Thus this factor varies as the 
cube of cutterhead speed. 

A consideration of the basic formulas on the effect of 
speed on power requirements, the results of tests on power, 
and the very decided effect on hay quality leads to the con- 
clusion that for hay the cutterhead should be operated at the 
lowest speed which gives desired capacity and satisfactory 
elevating characteristics. 

Capacity Formula. The capacity of a forage harvester, if 
sufficient power is available, is determined by the volume and 
density of the forage as it passes under the feed roll. 

These factors are expressed in the formula: 


DxHxWxLxNxRx60 1.7 738xDxHxW xLxNxR 


2000x1728 10° 


Where C 


D = Density in pounds per cubic foot 


Capacity in tons per hour 


H=Vertical throat opening with upper feed roll 
lifted to its maximum operating position 


W Width of throat at narrowest point in inches 
L==Length of cut in inches 
N=Number of knives 


R= Revolutions per minute of cutterhead. 


The capacity of the University of Wisconsin experimental 
machine, where H:=5.5, W=14, L=3, R=550, and N=2, 
then becomes C = 4.42 D. 

The density of the hay under the feed rolls, when the 
maimum capacity test was run, then becomes D=14.22/4.42 

3.22 lb per cu ft. 

That this density figure is not correct is known since the 
feed rolls during this test were not constantly at the top 
position. The density of long hay stored in a mow at 475 
cu ft to the ton is 4.2 lb per cu ft. 

The correct density figure is somewhere between these two 
but is higher than 3.22 since it is difficult to attain the 
theoretical capacity with actual field trials. 

The maximum capacity with sufficient power available of a 
four-knife machine and a cutterhead speed of 400 rpm is 
C=6.42 D. 

Using the density figure obtained in field trials of 3.22 lb 
per cu ft this becomes C =6.42 * 3.22 = 20.6 tons. 


Extremely Long Cut and Four-Knife Operation. It is 
desirable that the operations involved in changing the length 
of cut from hay to grass silage should be made as simple and 
as easy as possible within reasonable economy of construction. 

Length of cut changes on most commercial machines in- 
volve three operations: (a) Changing the number of knives, 
(b) changing the speed of feed table by making one or more 
gear or sprocket changes and adjusting for chain length, and 
(c) changing the speed of the cutterhead by making pulley or 
sprocket changes and adjusting for change of belt or chain 
length. 

It is particularly desirable to eliminate knife-changing 
operations which are both time consuming and hazardous. 
This can be done by operating as a four-knife machine for 
hay as well as silage, but presents problems in the way of 
knife clearance for a long cut, high feed-table speed, and 
extremely high capacity requiring considerable power. The 
knife clearance on this machine was ample to permit four- 
knife operation with a 3 in theoretical cut. 

Lower feed-table speed and capacity were secured by 
operating the machine at the minimum speed, which would 
give satisfactory elevation. Thus, 400 rpm was selected as a 
cutterhead speed which met most of the requirements with a 
factor of safety for pulldown of engine speed when bunches 
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were encountered since elevation could be secured at speeds as 
low as 300 rpm. 


For the 1950 season a quick length of cut change was 
incorporated into this machine. This consisted of a double 
set of sprockets for changing cutterhead speeds by shifting a 
chain and a double-acting positive clutch permitting the selec- 
tion of two different speeds of feed-table travel. The change 
from a 0.475-in cut for grass silage to a 3-in cut for dry hay 
can be made by one man in 3 to 5 min. 

A special use for the clearance feature of this cutterhead 
was discovered in the 1950 season when the forage harvester 
stationary thresher method was given a trial at the college 
farm. For threshing purposes a length of cut greater than 
3in was desired. By removing two knives and arms, the 
machine delivered a 6-in theoretical cut. This was a con- 
siderable improvement over the 3-in length for threshing. 


Straw from the windrow tends to enter the cutter nearly 
parallel to the feed-table travel and therefore the actual 
length of cut and the theoretical length of cut are more 
nearly alike. 


Operation on Corn Silage. The forage harvester with the 
redesigned cutterhead has been used to harvest better than 800 
tons of corn silage to date with excellent results. The cutter- 
head was designed primarily for a long cut in hay but the 
clearance features and streamlined flow have proved efficient 
in harvesting corn silage as well. Uniformity of cut was 
excellent. Power requirements are shown in Table 5 

TABLE 5. SUMMARY OF POWER AND CAPACITY TRIALS 
FOR CORN SILAGE 


Arm No. 4 4 knives Length of cut, 0.47 in 
1 2 3 i 5 6 
Cutter Calculated 
head Percent Tonsperhr tons per Hp-hr Hp-hr 
rpm moisture observed hrat70% Avehp_ perton* per tont 
700 63 15.2 18.7 21.7 1.43 1.18 
750 63 17.0 20.8 23.2 1.36 1.11 
800 63 19.8 24.2 28.0 1.41 1.15 
*Col 5 + col 3 using observed tonnage 
+Col 5 + col 4 using moisture corrected tonnage 


Horsepower-hours per ton requirements for this forage 
harvester are somewhat above the most efficient of the sta- 
tionary cutters tested by F. W. Duffee in 1927. This may be 
partly due to the power required to operate the row-crop 
cutting and elevating mechanism which is included in the 
operation of the forage harvester but is not present in the 
Stationary cutter. 


SUMMARY 


1 The primary objective of this investigation, to design a 
forage harvester cutterhead which will produce better-quality 
chopped dry hay, has been met to the extent that a substantial 
improvement in the product has been realized which dairy 
and animal husbandry departments of the Wisconsin College 
of Agriculture have graded as satisfactory. 

2 Three changes were principally responsible: (a) The 
machine was designed to produce a longer cut which means 
fewer cuts per pound or ton of hay, (b) the above has per- 
mitted operation at low speed giving less impact to the hay, 
and (c) hay is not subjected to unnecessary beating or pound- 
ing as it passes through the cutterhead. 

3 It has been established that most of the material flow 
after cutoff is in a radial direction and the knife does not pass 
through the material. 

4 It is possible to chop hay at 3-in theoretical cut with 
approximately 1 hp-hr per ton at low speeds and approxi- 
mately 11 hp-hr per ton at speeds up to 550 rpm. 

5 The information obtained from this study is dedicated 
to the improvement of the forage harvester and is free to the 
user without patent regulation. 
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The Resistance of Long and Chopped Hay to Air Flow 


By Roy B. Davis, Jr. and Vernon H. Baker 


ASSOCIATE MEMBER A.S.A.E. 


MONG the first hay drying problems investigated was 
that of resistance of the hay to air flow and the effect 
of depth on this relationship, Much study has been 

devoted to this subject and some of the basic data have been 
previously presented (1, 2, 3)*. Investigators in hay drying 
research of the Virginia Agricultural Experiment Station and 
the Farm Electrification Division (BPISAE), U.S. Department 
of Agriculture, located in Blacksburg, Virginia, have had oc- 
casion to observe this relationship under a number of operat- 
ing conditions. 

In 1946, Hendrix(1) reported that the basic relationship 
between static pressure drop and variation of air flow 
—— hay was an exponential eo of the form: 
V = KP or P = (V’/K)?*/", where V’ is the velocity of the 
air in feet per minute or the volume Q in cubic feet per min- 
ute per square foot of mow area, P is the static pressure in 
inches of water column, and K and » are constants that de- 
pend on conditions of the test. In this expression K is the 
volume of air in cubic feet per minute per square foot of floor 
area blown through the hay when the static pressure developed 
is one inch water column, and » is the slope of the static pres- 
sure air flow curve when plotted on logarithmic graph paper. 
Hendrix indicated that some of the factors which might affect 
the numerical value of these constants were: type of hay, 
depth, density, and moisture content when stored. He further 
reported that the pressure drop through a well-planned hay- 
drying system could be closely approximated by assuming 
that » had a value of two-thirds. This assumption would 
mean that the numerical value of K would be most affected 
by the conditions of the test. 


The inclusion of density as one of the factors affecting the 
static pressure air flow relationship introduces another very 


elusive factor. Zerfoss(2) points out that the important fac- 
tors relating to hay density are maturity, moisture content, 


This paper was prepared expressly for AGRICULTURAL ENGINEERING 
and has been approved by the director of the Virginia Agricultural 
Experiment Station as Paper No. $107-9 on the forage drying research 
project in cooperation with the U.S. Department of Agriculture. 

The authors: Roy B. Davis and VERNON H. Baker are, respective- 
ly, formerly associate agricultural engineer (BPISAE), U.S. Department 
of Agriculture, and associate agricultural engineer, Virginia Agricul- 
tural Experiment Station, Blacksburg, Va 


*Numbers in parentheses refer to the appended references. 


_» MAN WALKED ON HAY WHENLOADING 
IN DRIER 


_o,NOT WALKED ON WHEN LOADING 
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Fig. 1 Relation of K to depth and density of hay when loaded. Depth 
and density are expressed together in pounds as weight of dry matter 
per square feet of drier area. These data are the summation of a num- 
ber of tests and show the effect that two methods of loading have on K 


ASSOCIATE MEMBER A.S.A.E 


kind of hay, depth of storage and method of harvesting and 
handling before storage. 


Equipment and Procedure. This summary presents obser- 
vations made on tests where hay‘was handled as close as 
possible to the recommended conditions. The hay used was 
field-grown alfalfa, containing some grass. It was cut as near 
the recommended stage of maturity as possible and moved to 
the drier after remaining in the field approximately 24 hr. 
Part of the hay in these tests was dried long and part was 
chopped, then dried. The setting on the chopper was 2 to 214 
in. The actual length of cut would be from about 2 to 6 in 
with an average of approximately 31 to 4 in. 


In analyzing the data, it was found that there was no 
appreciable difference between the resistance of long or 
chopped hay to air flow. Due to this fact, no division be- 
tween the data has been made. Variations in weather during 
the period in the field caused the moisture content, when 
stored, to vary from 40 per cent to 65 per cent( wet basis) 
for the different tests. Depths of hay from several drying 
tests varied from 2 to 12 ft. The relation between static pres- 
sure and air flow was observed at intervals during loading, 
drying, and unloading. At the time each observation was 
made, the weight of hay in the drier and its depth were 
recorded. Each of these observations was plotted on logarith- 
mic graph paper and the value of K and » determined for the 
conditions under which the observations were made. The 
equipment in which these observations were made has been 
previously described(1, 3). 


Variations Observed of K and n. Two methods of loading 
were used in these tests. In one group of tests, the hay was 
distributed by a man in the drying bin. He attempted to 
spread the hay uniformly, moving often and not confining his 
walking to any particular portion of the bin. It was thought 
that this might result in more even distribution of the hay 
over the drying bin. In the second group of tests, the hay 
was dieteibuted | in the bin from a platform on a level with the 
top of the bin, In these tests, no one was allowed to walk on 
the hay while it was being loaded. 
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HAY WALKED ON DURING LOADING ON DRIER 


DRYING TIME 


Fig. 2 A general curve showing how the constant K changes with dry- 
ing time when hay was walked on during loading. The average decrease 
in K was 16 per cent for hay walked on and hay not walked on during 
loading. The points 1, 2, and 3 are to represent points before drying 
started, the zone of settling, and after drying, respectively. These points 
are referred to in Fig. 5(a) to (c). No drying time to be assigned to 


the time axis 
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Fig. 3 
tling 


Relation of K to depth and density of hay after drying and set- 
curve A, man walked on hay when loading; curve B, not walked on 
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FINAL OEPTH IN FEET 
Fig. 4 Effect of final depth and initial moisture content on final density 


or density after drying in pounds of dry matter per cubic foot 


Studying the data from the various tests revealed that the 
value of » remained fairly constant, but the value of K varied 
with time of drying, depth, and density of hay in the drier. 
After several methods of presentation were tried, the varia- 
tion of K with the weight of dry matter per square foot of 
bin area appeared to give the best graphical picture. Even 
when using this relationship, the variations of K when the 
material was being loaded, during drying and when dry, 
were appreciable. The difference in loading methods showed 
an effect on the value of K. The graph of the variations in K 
while loading was in progress, when plotted against weight of 
dry material per square foot, is shown in Fig. 1. In this figure 
it will be noted that K decreases very rapidly as the weight 
of dry matter increases, but the rate becomes less as dry 
matter per square foot continues to increase. In general, the 
value of K is decreased when hay is walked on while it is 
being distributed. 

When the value of » for each of the observations was 
plotted against weight of dry matter per square foot it was 
found to vary from 0.55 to 0.77. This variation of » prob- 
ably can be attributed to the fact that different lots of hay 
with the same density in pounds per cubic foot will not have 
the same homogeneity. It was observed that the value of » 


was relatively constant as the weight of dry matter per square 
The arithmetic mean of » in these obser- 
These data tend to confirm the results 


foot was increased, 
vations was 0.664. 
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Fig. 5(a) Relationship of static pressure, depth of hay, air flow, and per 
for 


cent moisture for long and chopped hay. 
chopped hay, 314 to 4 in. Moisture 
Walked on during loading. 


Average length of cut, 
samples 
(See point 1, 


taken during loading 
Fig. 2 before drying) 


reported by Hendrix(1). The method of loading made no 
discernible difference in the value of 7. 

During drying, the value of » remained relatively un- 
changed, but the value of K decreased slightly, Fig. 2. This 
average decrease in the value of K from its value when load- 
ing was completed was 16 per cent. 

The observations made after the hay was dry showed K 
would be slightly lower than when loading was completed, or 
before drying started. In most cases, the value of K decreased 
to a minimum during drying, but before drying was com- 
pleted had increased slightly, though not to the level of its 
value when loading was completed. These data are likewise 
based on the observed variations in the value of K when 
plotted against the weight of dry matter per square foot, 
Fig. 3. Hay that was loaded into the bins without being 
walked on still showed slightly higher values of K for various 
values of dry matter per square foot, although this had not 
been as great as when loading was completed. The value of » 
showed the same pattern when plotted against the weight of 
dry matter per square foot, as was discussed earlier. The 
arithmetic mean of the values of » taken after the hay was 
dry was 0.668 — a slight but unimportant increase, 


Settling During Drying. The amount of settling that might 
be expected varies with a number of factors. In studying the 
data from these tests, there appeared to be a significant trend 
between settling and moisture content when stored. Settling 
was expressed as a percentage of the original depth and mois- 
ture content was expressed as per cent (wet basis). The points 
do not give a very good fit in the linear approximation of the 
relationship between these two parameters, probably due to 
variables which could not be evaluated. The linear approx- 
imation, Y = 19.68 + 0.17X, (for 20 tests) represents what 
might be expected when hay is stored under average condi- 
tions of maturity and moisture. This equation was obtained 
by the least squares method. The minimum and maximum 
values of X for which the equation can be evaluated are, re- 
spectively, 30 and 65 per cent moisture content( wet basis). 


Final Density When Dry. The effect of various factors on 
the final density attained by hay when it is dry is a rather 
lengthy subject. An attempt was made, however, to evaluate 
the trend indicated by observations of this series of tests on 
two of the principal factors enumerated by Zerfoss(2). These 
two factors are initial moisture content and storage depth. 
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Fig. 5(b) Relationship of static pressure, 
per cent moisture for long and chopped hay 
chopped hay, 314 to 4in. Moisture 
(See 


and 

for 
loading 
after settling) 


depth of hay, air flow, 

Average length of cut, 
samples taken during 
point 2, 2 


Walked on during loading 


Fig. 2, 
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When final depth, or depth when dry, was plotted against 
density when dry, expressed in pounds of dry matter per cubic 
fvot, for each of the several tests, the relationship approached 
linearity on arithmetic graph paper. The slope of the curves 
for the various tests in this series were about the same. The 
trend indicated that as final depth was increased, the final 
density also increased. Methods of loading affected this trend 
slightly. When the material was distributed from a platform, 
aot walked on, the final density at the lower depths was less, 
but the increase in density with increases in tinal depths was 
greater. When the effect of initial moisture content on final 
density at a given final depth was studied, considerable varia- 
tions were observed in these data. The general trend, how- 
ever, seemed to be that at a given final depth, density would 
vary with the initial moisture content of the hay. The com- 
bined effect of both final depth and initial moisture content on 
the final density is shown in Fig. 4. Since these data were 
insufficient to evaluate all of the factors involved, the results 
presented in Fig. 4 must be considered approximations and 
used as such. 


Illustrative Problem. To illustrate the use of these data 
in the determination of the static pressure required for a given 
amount of air flow through long or chopped hay (2 to 21 in 
setting on chopper) an illustrative problem is presented. 


Assume that a hay drier is to be loaded to an initial depth 
of 8 ft with alfalfa hay having an initial moisture content of 
tS per cent, This hay has been cut at the one-tenth bloom 
stage and contains a small percentage of grass. The formula 
for settling (Y =19.68 + 0.17X, where Y represents settling 
and X the per cent moisture content), indicates that the depth 
of hay when dry would be 27.3 per cent less than its initial 
depth, or 5.8 ft. The data on initial moisture content, final 
depth, and final density shown in Fig. 4 indicate that a den- 
sity of 4.9 lb of dry matter per cubic foot might be expected. 
The dry matter per square foot in this case is 5.8 ft x 4.9 lb 
of dry matter per cubic foot, or 28.42 lb of dry matter per 
square foot. 


From Fig. 1 it is learned that when loading by the usual 
means of distribution (walked on when loading) of hay in 
the mow, the value of K would be 16,4. The value of 
would be 24, and the lowest value that K would be expected 
to reach would be 13.8 [16—(16% of 16.4) 13.8, correct- 


P-STATIC PRESSURE - INCHES OF WATER-P 


OEPTH IN FEET — BEFORE DRYING STARTED 


Fig. 5(c) Relationship of static pressure, depth of hay, air flow, and 
per cent moisture tor long and chopped hay (2 to 214 in theoretical 
setting on chopper). Average length of cut, 314 to 4in. Moisture 
samples taken during loading. Walked on during loading. (See point 


3, Fig. 2, after drying and settling) 
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ing K for settling}. After the hay was dry, Fig. 3, K would 
be 15.1. By substituting the three values of K, 16.4, 13.8, and 
15.1 in the equation P = (V/K)!/", using a velocity of 
15 fpm, we have 0.87, 1.14, 0.98in of water static pressure 
for the conditions of before drying started, after settling, and 
after drying, respectively. These pressures do not include the 
resistance of the system itself, The highest value of P, 1.14, 
and the lowest value of K would be used for design purposes. 

In order to facilitate the use of the data presented in this 
paper, curves showing the relationship between depth of hay 
in feet, static pressure, air flow, and moisture content are pre- 
sented in Figs. 5(a), 5(b), and 5(c). The curves are drawn 
for hay with an initial moisture content of 30 and 45 per cent, 
wet basis. If the static pressure is desired for conditions for 
hay walked on that are not shown in Figs. 5(a) to 5(c), cal- 
culations may be made by using the procedure outlined in the 
illustrative problem. If the static pressures for hay not walked 
on are desired, these data may be calculated by following the 
example in the illustrative problem. 


SUMMARY AND CONCLUSIONS 


An attempt has been made to summarize the results of 
observations on the resistance of long and chopped hay to the 
flow of air as atfected by several of the factors normally en- 
countered in drying hay. The realization of the number of 
variables involved makes such a summary only an approxima- 
tion or guide to the design of hay driers. The data presented 
in this summary give the effect of certain of the variables 
normally encountered. These observations indicate that: 


1 There seems to be no appreciable difference between the 
resistance of long and chopped hay to air flow; that is, when 
the setting of the cut on the chopper was 2 to 21 in, the 
length of the chopped hay varied from 2 to 6in with an 
average of about 31 to 4 in. 


2 The value of the amount of air which one inch static 


pressure will force through a column of hay varies with its 
depth and density. When depth and density are combined 
into pounds of dry matter per square foot, the relationship 
between this factor and K becomes at least a second-degree 
curve, which shows asymptotic tendencies toward the X- and 
Y-axes. 

3 The value of K in the equation = KP" for a given con- 
dition usually decreases during drying to a minimum and then 
increases to a point slightly below its value when loading was 
completed and before drying started. 


4 The method of loading has a considerable effect on K; 
that is, the amount of packing in distributing the hay over the 
mow, 


5 The value of » remains relatively unchanged by these 
factors of distribution, density, and method of loading. 

6 The amount of settling observed varies at least with the 
moisture content of the hay when stored, increasing as the 
moisture content is increased. 


a 


The effect of both final depth and initial moisture con- 
tent on final density have been expressed as linear approxima- 
tions, based on the observations of these tests, 


The engineer should use his discretion as to which value 
of P to use in designing a hay-drying system. For the lower 
depths of hay, the minimum value of K obtained after settling 
would probably include a sufficient safety factor. At greater 
depths of hay, some compromise may have to be made 
between the minimum value of P and the maximum value of 
P that would be expected over a given drying period in order 
to arrive at a pressure that could be obtained with the electric 
power that is now available on farms. 

The static pressures reported in this paper may be higher 
than those normally found in some field installations. This is 
due to the fact that in some field installations air is likely to 
be lost around the floor and edges of the drying system, 
whereas practically all of the metered air that was blown into 
the plenum chamber under the drying bins used in these tests 


was forced through the hay. (Continued on page 100) 
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Long-Time Performance of Some Clay Draintile 
By D. G. Miller and P. W. Manson 


FevLow A.S.A.E. 


HE chief purpose of the work reported in this paper 

has been to secure information as to the frost-resisting 

properties of clay draintile installed at relatively shal- 

low depths in farm drainage systems in the upper Mississippi 

Valley. By “clay draintile’ is meant a burned product of clay 
or shale.* 

Clay is defined in two ways: as an earthy aggregate con- 

sisting essentially of kaolinite or some nearly related hydrous 

aluminum silicate, and as any earthy mass that becomes 


This paper was prepared expressly for AGRICULTURAL ENGINEERING 
and is a report of work conducted under a cooperative agreement be 
tween the Bureau of Public Roads, U.S. Department of Commerce, the 
Division of Agricultural Engineering, University of Minnesota, and the 
Division of Water Resources, Minnesota State Department of Conserva 
tion. Since 1946 the graduate school of the University of Minnesota 
has allocated funds in order that completion of the manuscript might be 
expedited. In the files of the University, this is Paper No. 2587, 
Scientific Journal Series 

The authors: D. G. Mitter and P. W. MANson, respectively, mate 
rials engineer, Bureau of Public Roads, U.S. Department of Commerce, 
and professor, division of agricultural engineering, University of Min 
nesota, University Farm, St. Paul 


*Grout, Frank K., Clays and Shales of Minnesota. U.S. Geological 
Survey, Bulletin 678 (1919) 


TABLE 1, FROST Ri 


MEMBER A.S.A.E, 


plastic when wet. Usually a clay fulfills both these conditions, 


Shale is a term frequently employed in the same sense as 
clay, but as a rule it is applied to hard laminated clays, gen- 
erally of marine origin. 

During 1948 and 1949 clay draintile were dug up from 
19 Minnesota drainage systems. The length of time these 
systems had been in service ranged from 18 to 40 years and 
averaged slightly under 33 years. It is obvious that an ideal 
tile line for examination of this type would be one with varia- 
tions in depth of cover from about 1 to 4 ft or more. Actually, 
none of the 19 tile lines examined met these ideal conditions 
and only three or four approximated them. It was not pos- 
sible to determine the plant at which the tile of every system 
was made although this was done with reasonable certainty 
for all but 5 of the 19 systems. Tile from 10 of the 19 sys- 
tems were presumably made of shale and 9 from surface clays. 


SUMMARY AND CONCLUSIONS 


Shale tile of ‘standard draintile’’ quality} were examined 
at 23 places in 10 drainage systems which had been installed 
30 to 40 years. At 11 places, the tile had a covering greater 


+Standard Specifications for Draintile. American Society for Testing 
Materials Designation: C4-24 


1S.asCE OF ORALSTILB MADE OF SHALE AS DETERMINED BY TZSTS OF TIL® WHICH SAD BEFW iN SERVICE 18 MINNESOTA FOR yO TO UO YEARS 


(Sote: ‘The order of arrangement of the installations in the table is without significance) 


: 3 DDepth 3 ry 3 shing: Wate Ee aorta s per cent tSatu- | Bo. freetinge ani thawing 

Tile:Bo. Time imiof top ‘Type of : Cover iGeneral condi- ‘strength: _ Soaked 24 hr Boiled § hr tration : cycles to produce fajlare 

sises teetedietalled:of tile + crop ition of tile + 1d per :% es wus * bal?! half:Bot. half: coeffi-: Tawed io Jeb tank: Thawed by boiling 
: : -_ i din ft: Satin Suatied eaten ro ek aa sa 


Inetallation So, 3 


&: 6 38 > 2.8 iClay ee dom * 1480 a¥2 = «(14.0 > 16.5 + 16,4 70.86 : «9 5u 15 t 13 
wi: 5 36 3 6205 do do 1Go24 = 1490 15.6 = 15.3 + 18.2 * 17.9 °0.86 * WO + 6 2 ¢ PS 
4: 6 38 0 «62.0 @o do dood + 1W00 = 15.3 ? 152 ¢ 17.7 : 17-6 30.87 + Y |= WO > asf Ay 
$3 5 3% + (19 Peat : do 'Qood4 > 1400 14.7 = 14.6 = ATM fF 1766 Ff ORh tO FO 6 6+ (15 
5: § ; ae ao : do 'Good t 2900 ? 47.3 * 27.2 * 2.3 * 22 7006 + DO tt OUR 3 9: 9 
2. 3 ro ee ~~ do 008 oe eS a AbD Ab ii: 1 _ | en eo 
Average we > 1.9 1380 15.4 = 15.3 2 36.2 * 265 70.85 ¢ 42 13 ‘ 13 
Installation No, 2 
wi 5 ie] 3.0 Clay ?Oultivated: Excellent > 1320 11.3 * 11.7 > 12.8 = 13.7 #%'0.67 + 66 : 67 ; 20 =: 19 
Ss 7 > > 2,8 : do : do + Good + 1290 + 15.6 * 15.6 > 27.9 * 16.0 0.87 : 2 : 28 ; 8 : s 
ct: 7 : 35 : Pet : do : do Broken : 61300) : : oe : 14.9 : 15 2 £ : BY .f a= 4 12 12 
Average 5 : 2.8 1m | a ee + 15.2 5.6 0.87 : b : ~ 1 
Installation No, P 
&: § > WO ft 18 iClay :@ultivateds: Spalled or > (1200)°* 18.5 +: 17.6 > 19.7 = 19.2 * 0.93 : ll ; 13 ; 7 ; 7 
: : : : 3 iecracked : : : : : : : H : : 
lastellation Jo. 5 
6: 6 > 30 + 1,0 ‘Clay loam:Pasture ‘Good + 1160 + 10.4 + 10.5 > 12.7 + 12.7 10,82 3 7 «3 7 ; 7% ; 27 


lostallation No, 6 
18,4 


6: 6 + 4H +: 1,0 ‘Salt tPasture ‘Good > bo : 


+ 16.7 = 20.2 4 18.5 0.91 : 12 ; 12 : 3 : 7 


Installation No, & 


537 t+ P 2 ae hee ‘Pasture : Spalled or = (940): 23.0 : 23.6 + 23.5 1: 23.68 20.99 : 26 =: JY e s * 
: : : : : ibrokena : : : : : : : : 
Installation Ne, 9 
e: 8 % 3.0 :Clay loam: Qultiwated: Good > O10 3 18.2 # 18.2 + 21.8 3221.6 +083 : £9 + 58 > ae oo: oo 
6: © bi $ 2.5 ao : do good, 3 esaaaneet rh 2) 16.7 * A7el + 21.2 + 2104 70.79 : 58 : 65 3 nf ‘ 17 
8: 6 % =: 2.0 @o do racked = 7ao t* 19.4 : 19.5 ¢ 23.9 * 22.3 $0.68 * &6 > 64 > we Ff 5 
€: 6 * © + 15 Peat : ao 24 = 1330 12.9 : 12.6 + 16.6 ! 16.4 20.77 : 77 + 89 > 20 +: 2 
g : y : % : } i : do : do Go04 3 959 a ee OF: 2 _ Ls) 3 12 3 3 11 3 t 0,82 ee (3 i | ae —_ = 
Average %6 2 2.0 950 3 16. as Ue $ Wey * 19.8 50,82 : eu : “9 : 17 18 
Inetallation Yo, 1? 
5 6: 9 * 20 Peat ?Qultiveted: Good > 1150 15.0 : 14,0 61 62 17 12 
te + OB t 4 4 do ao :do0d = 12110 : 16,6 : 26,6 ¢ 79 79 : 21 
5 6 ee ee a do : do Sood : Wo _3_ 6,0 :_ 16,8 220 yo ph a ae | 
Average 30 > 1.3 1220 = 16.1 *% 16,0 : 9 70 ; 17 1 
inetallation No. 1) 
u: 6 2 39 > 1.5 sClay tPaeture $Good = 1920 2 t 2763 20.6 + 19.5 7 G.°9 : 26 H 29 : 7 : . 


Inetallation Bo. J 


5 : Wo ‘Clay loam'Graes tSpalled or + (1200) : 
: H Fy ‘broken : 
Grand ave. 
of groupe GS 2 be 1240 
“Values in columns te a)? EAC ) divided by walues in columne (c) + (4). 


2 


ae « “6 * 028 + 2e 208 


**Cruehing strengthe ic  seliniatitis are estimated, mostly from old tests of other tile taken from plant stock piles, 


ST 


PAR Gah eee es GER Mag 2 Pee es | ee eng eS 91 ee Dev mT RR te ME) Soe Ren | MD lee ae Bison | Rope (2 ce fs 3 78 
PAR Ga, eee Neds ee a, il i yeaa ae 2), a iis al ST ae gs 5 eB re ke si ky arse ts aioe a ete a 3 , hf 4 a 
ae es ree, Te ie. s Sars ORR. Jae le Ant ae Coes ban, ae AS. oa pee 
mr, Se r i © piety Se I eee vicoe TM 4 aceon Bie * eh ae Bien fs, 28 aN cls pate Aha Vs eS oo ‘ 4 aye i, . j Hed & 
regs Vo a oe Oe Re AR ms i eae, | See ik eee SS j capt) 2) aoe 7A hoes af 
pepe eee” Re Ae Ee A phi Mis rery Mone oo eee ein | mi es, me. 
pe eS: . oS Ste Re eta a me | AG me RA a ae 5 , Cre oS | leg. a. eee ie 
ite ae Pre ae Re eee eee, |! at es emer eee, | More keh a met Th <r OO oe ae etme te ot (eee \ ae, aes Saag 
Wes 
Ni ih 
FY sai 
de ee = 
4 ; 
Bye! 
ee | 
x 
s ae 
De | ba 
: ee | 
a Wg 
us q 
\ ’ qi 
2 eee 
uy 
ey’ ' 
a i 
Oi ee : 
ang V1 
oe 
A 
ett 5 
BE : 
i 
a 
Ay 
: 
Sie 4g 
; 
ey Po | 
ory 
ins } 
ba f 
a 
Be 
me 
Pan , 
h : 
i 
ok CL 
<6 + 6) + (TT >: 2% + 30 
15.8 = 15.5 $ 16.0 * x7.7 : 0.87 : ul pers 3 1s 3 15 ‘ 
] : : 
eke | 
Aa a 
y 
4 
ae 
ak 
4 4 
eee 7) ee z DSi : ere ‘ 
‘Siaeenne _ Te , ors RMI eck pare neh mL A A RS SS OS a Boe St lh oh gins : = 
Bf ae ae veges Seema Byes Be NN eas, 29 ae eee eae eee , 
ie TEER SED soe Bee barat pa yibewa a. me Sees Beira Shot atta “SARA RS e ai  Ts  Saiae Fear eR ean ot ee ee ae ° oy, Reaayeantt ; 
= Bt, eal Ra Af eae muategeten? StS he | Sgt eure scent nee | OSMAN oS cic. = ek ie GR ee SS eR ae >, Sidi = ena Ses An 4 
a Ss aaa “og Teen Gel e9 Rate is ony aa Oe SS, ee eee eas) 3 Beha Sy AE tae So } a ee aT ’ 
“| go: See 1T* Lo aie nnn Meee es Ped eee & bs oe ee Ci lead. } oe ies oo, On he aoe | Pet ys Re j * » 


than 1.8 ft and none of the tile showed any evidence of spali- 
ing due to frost action. At 12 of the 23 places examined, the 
tile had a covering which did not exceed 1.8 ft and at 3 of 
the 12 places there was definite frost action on the tile. 
Cracked or broken tile were found at three places without 
indication of frost action. At 2 of the 3 locations the depth 
of cover was 2,5 ft and at the other place it was 2 ft. 


Surface-clay tile of “farm draintile’’ quality were exam- 
ined at 20 places in 9 systems which had been installed 18 to 
10 years. At 17 of the 20 locations the tile had disintegrated 
or were spalled or broken. There was spalling or disintegra- 
tion due to frost action on the tile at 9 of the 20 places exam- 
ined with depth of cover ranging from 0.8 to 2.5 ft. Tile 
were cracked or broken, without evidence of frost action, at 8 
of the 20 places examined. The depth of cover at these 8 
places ranged from 1.7 to 3.0 ft. Only at 3 of the 20 places 
examined were the surface clay tile in good condition. The 
depths of cover at these three places were 1.5, 3.0, and 3.5 ft. 


Not all, but most, of the shale tile upon which this report 
is based were of standard draintile quality in crushing 
strength and frost resistance and the performance records were 
generally good. 

None of the surface-clay tile upon which this report is 
based met standard draintile requirements and the perform- 
ance records ranged from fair to poor, 


Time 
installed, 
yr 


Avg. depth In good 
of cover, condition, 
ft 4 


Crushing 
Raw strength, 

material 
Shale 


6 Tea 1240 


Surface clay 28 1.8 
cABLE 2, 
(Bote: 


“TCrushing! 
Fi cM 


3 Depth g +. 
Tine imto top ‘Type of | Yover 
Sten * crop 


iGeneral condi- 
ttion of tile 


Tile:No, 
size tested: =, of tile, 
jo : tyr ft 


ib per lin ft 
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Details of Field Examinations. There have been condensed 
in Tables 1 and 2 certain essential facts pertaining to the field 
exposure conditions at the various tile installations examined, 
together with the averages of the physical tests which were 
made on the tile after they were brought to the laboratory. 

The data of Table 1 reveals that the shale tile were in 
good condition at 17 of the 23 places examined and were 
spalled or cracked at the other 6 places. Tile in good condi- 
tion were found with depths of cover from 0.5 to 3 ft and 
cracked or spalled tile were found with depths of cover from 
1.7 to 2.5 ft. 


Study of the data of Table 2 in which are recorded tests 
of drain tile made of surface clays, shows that at 17 of the 
20 places examined the tile were spalled or broken. At 9 
places tile were spalled or disintegrated and none of these 
had a depth of cover exceeding 2.5 ft. There were 8 places 
at which tile were broken with appreciable spalling and these 
had depths of cover between 1.7 and 3.0 ft. In general, the 
examinations of the tile made of surface clays suggest that 
there was a tendency for those with the depths of cover from 
2 to 214 ft to fail by cracking and those with the lesser depths 
of cover to fail by spalling. 

There have been summarized in the following table the 
essentials of the physical tests of the 244 tiles of Tables 1 and 
2 on the basis of the grand averages of groups: 


No. of freezing and thawing 
cycles to produce failure 
Thawed in Thawed by 

lab tank boiling 


Water soaked, 
24 hr at room 
temp, ©; 


Absorption, 
boiled 
Shr, % 


Saturation 
coefficient 


15.6 17.8 0.87 12 14 


26.6 14 9 


FROST RESISTASCE OF ORALNTILE MADE OF SURFACE CLAYS AS DET-RMIMED BY TESTS CF TILE WHICH BAD BEEJ IN SERVICE IN MIMNESOTA POR 18 TO UO YEARS 


The order of arrangenent of the installations as recoried is without significance) 


Water absorpt at *Satu- No, freezings and thawing 
2 Shr tration cycles to produce failure 
rg Bot, half: cooffi-: 7h waved in Jad tank: :Thawed by boiling by boiling 


ent® :Top ha)f: Bot, half:Top half: Bot half 


Installation No. 


10: 25 iClay loam: Oultiwated: isintegrated 


‘Clay loam: Oraes : Broken = (1050) : 


Installation No, 


‘Clay loam: Meadow 12 good, others 
H : tdroken or 
: i epalled : ' 


+ (1150) : 
: : 


Installation Mo, 


iClay loam'Pasture ‘Broken (750) =: 
: ‘Disintegrated : 50) * 


750 


(a10)** (21.5)99° 


Installation No, 


21.6  (23.8)9** 23.8 = 0.91 28 14 


(?) 


26.7 28.4 28.5 * 28.3 * 0.97 


(c) 


18.4 3 18.9 ¢ 


22,8 
' 


(8) 
3209 32.9 


33-9 33.9 


Installation No. (7) 


iBroken length- + (1100) : 
iwiee ’ 8 


28.7 ¢ 28.% 


Installation Wo, (8) 


tMuck tPasture ‘Good gio 3: 


yet ¥3 


Installation No, (R) 


?Good 
:Gooa 
‘Disiotegrated 
‘Broken 
‘Disintegrated 


1110 
: 990 : 
: (1000) : 
+ (1000) : 
: (900) : 

1000 


ae loam: nee Broken : (1000) : 
ao Broken ? (1000) : 
do sTop epalled off * (1900) 
do $2 good, & broken: 1030 — 
do a or troken: 
do : (1000) + 
do 


VWI nnaaw 


Average 


8: 5 
Grand avg. 
of groups 28 


*Valuee in columne (e) + (b) divided by values in columns (c) + (4). 


2 2 


: 4 + 2,5 _:Clay loam: Qul tivated: Broken 


1.8 


> (26.7)9*° 26.7 


Installation No. ok 


23.7 
ake 
26.3 
2569 

22 

25.5 : 


2367 
25.9 
25.8 
30.1 
25,8 
26.1 


Installation No. (1) 


25.4 
26.6 


25.5 
26.6 + 
+ (29,1)9** 29,1 
26.6 : 26.6 
27.5 27.6 
26.9 25.5 


27,7 °7,% 


2u.3 


$= 


23.3 
25.2 
23.9 
os 


~ 
DwAOn4Oan 


oe 
25-1 2768 27-5 =? 0.92 


: if 


**Crushing strengths in parentheses are estimated, mostly from old tests of other tile taken from plant stock piles. 


***The top half wae disintegrated and the absorption value in parentheses was 


assumed to have been the sane as the bottom half. 
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TABLE 3. 


(Tests tests were made during 1928-1930 on tile collected from plant stoc’: piles) 


F :_ Tests of ordinary plant outout® :!‘axinu: 
Reference Raw material : Tile Absorption 
nos : : size, :Crushing etrength,: (Boiled 5 hr),: 
: t in 1d per lin ft 


1(Z), 1(7) : Surface clay : 6 1% 34,3 : 
2(F), 2(8) : Surface clay : 6 1040 31.6 : 
3(10) : Surface clay : 4 1020 27.6 : 
4(c) : Surface clay : 6 1130 ¢ 23.5 : 
| : Surface clay : g No test 23.6 % 
6(c) : Surface clay : 8&8 870 2 22.1 : 
7 : Shale 2 § 1760 : 21.9 : 
8 Surface clay : 5-65 : Mo test g 20.5 : 
: Surface clay : 6 : No test : 20,1 : 
10(3) : Shale : § : 1980 3 15.8 : 
ll : Shale 2 5 3 7 3 15.2 FY 
12 : Surface clay : 10 b] No test 3 14.7 3 
3 : Shale ¢ = «4 2190 : : 
14 : Shale : 6 8 180 g 13.0 8 
15 : Shale 1 g g 1500 : 11.3 g 
16 : Shale 5 : 1650 : 10.7 : 
17 Shale : 6 : 1799 : 9.5 : 
“4 : Shale OF? os: 1950 : 9.3 : 
19 : Shale 6 2160 3 9.2 : 
20 : Shale : 4 2790 9.0 e 
a : Shale : 4& 1430 9.0 : 
22 : Shale : § 2120 8.6 : 
2 : Shale : 6 : 1700 7.7 : 
au : Shale 5 : 1520 7.5 : 
25 : Shale 8 : 2079 5.1 
26 : Shale 6 2590 : 5.0 
27 : Shale 6 26a : 3.6 


Note: Figures and letters in oarantheses in the firet colum refer to installations as desienated in Tablee 1 and 2. 


‘Each test result is the averaze of 15 or more tile, 


CORRELATION OF ABSORPTION AMD FROST RESISTANCE OF CLAY DRALINTILE FROM 27 MIINESOTA AND IOWA TILE SLATS 


ea 
tin each sroup which met freezing 


uirenente of AST! Designation 
per cent : Standard draintile 


(36 cycles) 


ee ee eee 


cycles, yet in service with 
a cover of 2.3 ft the tile 
showed no appreciable 
frost action after expo- 
sure for 34 yr (Tables 2 
and 3). 


individual tile 
¢ thawing re- 


—E 
absorptions (per cent) of 


Extra-ouall 
(KE cycles) 


No disintegrated, or 
even badly spalled, shale 


Tone passed : Fone passed . 

15.1 : 14.9 or surface-clay tile were 
eae : ane ca 
se ee ; se hr found at any of the 8 


None raseed : None passed places in the 19 drainage 
ted : ee systems examined during 
20.2 : 18.9 1948 and 1949 where the 
gs : soa ta depth of cover exceeded 
15.0 : 14.6 2.5 ft. In view of this, it 
Race : 94 appears that there were 
2.0 ; 18.9 not many freezing and 
16, 3+ : ~~ thawing cycles in these 
as5e ‘ ae particular tile systems be- 
14,26 : 14.26 low a 2.5 ft depth. 

Bae : 135 Depth and Frequency 
Aoet : ae of Frost Penetration. Ex- 
10.9 10.5 act data are meager as to 
11.2 nar depth and frequency of 
se ia, frost penetration in farm 
8.26 : 8.2% fields where most drain- 


tile are installed. Such 
data as are available are 
extremes compiled for 
use in the design of foun- 


The saturation coefficient in the foregoing table and in dations for buildings and other types of superstructures. 


Table 1 and Table 2, is calculated essentially as prescribed by 
the Standard Methods of Sampling and Testing Brick, ASTM 
Designation C67-44, except that the percentages of water ab- 
sorption are used as shown below: 


Pe 


Saturation coefhcient = — 
Ps 


P, = per cent of water absorption, soaked at room 
temperature for 24 hr 


where 


Pp; = per cent of water absorption, boiled 5 hr. 


It is evident from the data that the shale tile with their 
lower absorptions had much better durability records than did 
the surface clay tile. Nearly 75 per cent of the shale tile were 
in good condition after 36 years, whereas less than 18 per 
cent of the surface clay tile were in good condition after 28 
years. The depth of cover averaged approximately the same 
for the two types of tile, 1.7 ft for the shale tile and 1.8 ft 
for the surface clay tile. 


The shale tile of these tests met the crushing strength 
requirements of 1200 lb per linear foot for standard draintile. 
The shale tile, with 42 cycles for failure when thawed in 
water at room temperatures, went well over the freezing re- 
quirements of 36 cycles for standard draintile. 


The surface-clay tile of these tests met the strength re- 
quirements of 800 lb per linear foot for farm draintile but did 
not meet the freezing requirements of 24 cycles, averaging but 
14. With the exception of the tile at installation C of Table 2 
the results of the freezing and thawing tests of the surface- 
clay tile were reasonably consistent with their long-time per- 
formance. The tile at installation C stood better than 40 
cycles before failure in the laboratory. In the field the tile 
were covered to a depth of only 0.8 ft and their failure in 
service from cracking and spalling was not surprising, 


It is significant that the surface clay tile at installations F, 
7, 10, and 8 of Table 2 did not show appreciable frost action 
after periods of exposure of 20, 34, 34, and 31 yr, respectively, 
even though none of these tile were of high frost resistance 
and none had a soil covering that exceeded 2.5 ft. Therefore, 
it must be concluded that frost action on draintile in service 
is less severe than has been generally assumed. To cite a 
specific example, note that the tile at installation 7 failed to 
meet farm draintile requirements of 24 freezing and thawing 


Extremes, while of some use in connection with probable frost 
action on draintile, do not by any means tell the whole story 
because of the following and perhaps other factors: 

1 Frequency and duration of extremes of winter tempera- 
tures 
Depth and duration of snow cover 
Depth and type of soil cover 
Moisture content of the soil at the tile level 
Physical condition of the soil cover — fall plowed, etc. 
Vegetative cover 
Quantity and source of water carried by the tile. 

It is evident that much more research is necessary than is 
covered by this report before it will be possible to establish a 
satisfactory relationship between the frost resistance of clay 


draintile as determined by standard laboratory tests and dur- 
ability under field conditions. 


LAW ken 


APPENDIX 


In 1930, a report was prepared on the frost-resistant prop- 
erties of clay draintile made at 27 Minnesota and Iowa plants 
which had furnished most of the tile used in Minnesota up to 
that time. Eighteen of the 27 plants made tile of shale while 
9 used surface clay. This unpublished paper, based entirely 
on laboratory tests of tile collected from individual plant stock 
piles, contains considerable information that is closely related 
to the long-time durability studies of the clay tile which were 
examined in 1948 and 1949. 

Absorption-test results of tile from one plant compared 
with absorption-test results from other plants have little 
significance. However, comparison of results of tests of indi- 
vidual tile from any given plant are reasonably reliable as 
indicative of relative frost resistance of tile from that particu- 
lar plant. Inspection of the data of Table 3 shows that in the 
case of 15 of the 27 plants listed, the average absorption ot 
the ordinary output of tile from a given plant was less than 
the maximum absorption of individual tile from that same 
plant which met the freezing and thawing requirements for 
extra-quality draintile as defined in the Standard Specifications 
for Drain Tile, A.S.T.M. Designation C4-24. These are plants 
13 to 27, inclusive, all of which employed shale as the raw 
material. The data further show that, in the case of 12 out of 
these 15 plants, the average absorption of the ordinary plant 
output exceeded the 7 per cent (Continued on page 100) 
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Determining the Relative Wear Resistance of Metals 


By I. F. Reed and E. 


MEMBER A.S.A.E. 


HE development and adaptation of improved materials 

for making cutting edges and soil-working faces of 

tillage tools have been among man’s foremost problems 
since the introduction of agriculture as a science. No doubt 
the early agriculturists using crooked sticks oye! out what 
they thought to be the best curves and selected and seasoned 
woods to produce surfaces they thought to be near optimum. 
Records through the eleventh to cighteenth centuries indicate 
that there was considerable interest in improving tillage im 
plements. Soil-working faces were plated with iron. This was 
a help but the iron wore away rapidly and failed to scour 
under many soil conditions. 

Development in materials for soil-working faces and edges 

of tillage tools has made marked strides since 1800, but the 
development in this field still lags behind the advancement 
made in other fields. The first outstanding improvement was 
the development of a process for chilling the undersurface of 
cast-iron shares. This increased their life and, since the top 
surface wore away faster than the tottom surface, the edge 
tended to remain sharp. The introduction of the steel plow in 
1837 and the use of chilled plow shares brought great im- 
provements in tillage equipment during the first half of the 
nineteenth century. For the most part, developments since 
that time have been improvements of these materials by use 
of various analyses, alloys, and manufacturing techniques 
(2, 13, 14, 15).* The agricultural engineers’ conception of 
developments of materials for tillage tools was stated by Zink 
et al (19) as follows: “Many im- 
provements have been made in 
metals used in various industries. 
In fact, these changes are the very 
substance of the existence of a 
number of our later industries. No 
one will deny that tillage imple- 
ment materials have not kept pace 
with other developments in the 
field of metallurgy.” These au- 
thors pointed out that much of the 
skill of the country blacksmiths 
had been lost even in 1936. In 
most areas it is now difficult to 
find a blacksmith who will at- 
tempt to reshape or temper tillage 
tools. This changes the specifica- 
tion placed on- materials for til- 
lage tools in that long-wearing, 
shock-resisting materials that shed 
sticky soils may be used without 
thought in most cases as to whether 
or not they can be reshaped and 
heat-treated by local blacksmiths 
or mechanics. Discarding worn or 
dulled soil - working edges and 
faces, as is done with safety razor 
blades, is becoming popular. 

Tests at the U.S. Tillage Ma- 
chinery Laboratory and by work- 
ers at other experimental stations 
and laboratones show that hard- 
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Fig. 1 The USDA wear-test machine with specimen in posi 
(Inset) A sample showing typical wear-test 2. 
grooves and marks made by Rockwell Brale 


*Numbers in parentheses refer tion for test. 
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ness measurements alone cannot be taken as an index of the wear 
resistance of a material when used in or for handling soils 
(1, 17, 18). Wear resistance will correlate with hardness when 
comparing the effects of various heat-treatments for one anal- 
ysis, but the wear resistance of two samples having the same 
hardness but of different alloys may be markedly different. 

Since hardness measurements alone failed to give a true 
measure of the relative wear resistance of materials for til- 
lage tools and field testing is a drawnout and costly process, 
laboratory methods which have been used for measuring wear 
resistance were investigated. Haworth (8) classifies these 
units under the five categories: (a) fixed abrasive, (b) sand- 
blast, (c) ball mill, (d) abrasive lap, and (e) rotating wheel. 

| Fixed abrasive units may be represented by grinding 
wheels. The principal disadvantage of this type of unit is 
that grinding takes place at a relatively uniform rate in spite 
of the type of material being tested. 

2 Sandblast tests, according to Rosenberg (15), 
ditferentiate between many materials which are 
have widely varying wear-resisting characteristics. 

3 Ball-mill tests apparently are not applicable to tests of 

vaterials for tillage tools. They require specimens of definite 
aaa that cannot be produced readily from some of the 
better materials used for tillage tools. 

4 Abrasive-lap tests may be represented by the wear-test 

chine developed and used by Zink et al (19). It is effec- 

riaterials for tillage tools. Three disadvan- 
tages of this type of test are 
as follows: (a) Samples must 
be prepared carefully as to shape, 
(b) Test runs require approxi- 
mately 100 hr, (c) Variation in the 
moisture content of the abrading 
medium during or between tests 
affects the rate of wear. Haworth 
(8) reports that the use of silicon 
carbide as the abrading agent ac- 
celerates the wear “but the results 
cannot always be used with com- 
plete assurance for applications in- 
volving less abrasive materials.” 


do not 
known to 


5 The rotating-wheel-type wear 
testing machine may use either a 
dry or wet abrading medium. The 
sand or other abrading material is 
fed or carried between the face of 
the abrading disk and the test 
sample. The original unit for this 
type of test was developed by 
Brinell. Its make-up, operation, 

and effectiveness are discussed ful- 
ly by Haworth(8) and Rosen- 
burg (18). Due to the simplicity 
of this test machine, its effective- 
ness, the rapidity with which tests 
could be made, and the fact that 
results for duplicate tests checked 
closely, the principles developed by 
Brinell were used in the wear-test 
machine built at the U.S. Tillage 
Machinery Laboratory and used in 
this study. 

The USDA Wear-Test Ma- 
chine. The USDA wear-test ma- 
chine is shown in Fig. 1. The prin- 
ciples involved in the machine are 
shown diagrammatically in Fig. 
The test sample A is held in a 
frame so designed that it can be 
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Fig. 2. Diagrammatic sketch of essential parts o. 
the USDA wear-test machine 


moved to or from the abrading disk B. During a test the sample 
is held against the abrading disk with a uniform pressure by 
weight W. Carefully screened sand flows from hopper D past 
valve E to point C where it is carried between the abrading 
disk and the test sample. Abrading disk B is approximately 
4in in diameter, 3/16in thick, and is cut from Armco or 
other relatively uniform soft iron plate. It is driven at ap- 
proximately 45 rpm. A test consists of operating the abrading 
disk a certain number of revolutions to give a selected lineal 
travel of a point on its circumference. The sample (Fig. 1, 
insert) is weighed before and after the run. The relative wear 
resistance of the samples is shown by their loss in weight 
measured to the nearest ten thousandths of a gram. A suction 
fan is arranged to remove dust created by the abrading 
operation. 

Sand. Dry Norfolk sand was screened and only the frac- 
tion that passed through a 40-mesh screen and over an 80- 
mesh screen was used. This gave grains varying from approx- 
imately 0.077 to 0.0165in in diameter. Since this material 
proved to be so effective, no other type of sand or range of 
particle sizes were tried in this study. The sand is used dry. 

Effect of Length of Run. \t was found that 
the loss of weight was proportional to the 
length of the test as shown in Fig. 3. In view 
of this fact, 300 lineal feet of travel of a 


99 


point on the abrading disk was selected as the length of test. 
This required 289 revolutions of the disk when new and 
measuring 4in in diameter. The diameter of the abrading 
disk was measured after each test and the number of revolu- 
tions per test increased one revolution for each loss of 0.014 
in in diameter. Abrading disks were discarded when worn to 
a diameter of 3.89in. The number of revolutions of the 
abrading disk was recorded by a counter on the unit. The 
length of the test was manually controlled. 


Effect of Pressure. The data in Fig. 3 show that the loss 
of weight on a test sample varied proportionally with the 
weight holding the sample against the abrading wheel to a 
weight where the pressure apparently crushed the sand parti- 
cles too finely. Since the sand broke down at the higher pres- 
sures, a load of 12 lb was selected for use in all comparative 
tests. The combination of 289 revolutions of the abrading 
disk, with the sample held against it under a 12-lb load, 
produced weight losses of approximately 0.1 g for annealed 
SAE 1095 steel and for many of the steels used in tillage 
tools. Losses as low as 0.06 g were measured for samples of 
extremely hard materials. Data for duplicate tests checked 
within 4 per cent. 

Effect of Width of Disk. One series of tests was made 
using a disk 3 in wide in place of the 3/16-in width used in 
all other tests included in this discussion. This arrangement 
was used to spread the wear over a larger area and thus re- 
duce the depth of groove when testing plated, soft-center, or 
hard-surfaced materials. This study indicates that this type 
wear-test machine is not effective for measuring the relative 
wear of surface materials that are less than 0.025 in thick. 


Test of Disk Blade Materials.1: Data comparing the rela- 
tive wear for both field tests and laboratory tests on 16-in 
disks made from five types of steel and 18-in disks from four 
types of steel are shown in Fig. 4. Field tests were made by 
carefully weighing and measuring 4 or 5 disks of each type 
of steel and size, then placing them on farmer-owned tandem 
disk harrows to be used during the regular seedbed prepara- 
tion season. The locations of the disks on each harrow were 
changed periodically through the time they were used so that 
no disk remained in a favorable position throughout the test. 
All disks were carefully measured and weighed at the end of 
the test. The average weight losses for each type of steel and 
size are shown by the open bars in Fig. 4. Samples for test 
by use of the USDA wear-test machine were cut from 2 to 3 
disks of each type of steel for each side. The average weight 


1Disk blades furnished by and field tests supervised by Maremont 
Automotive Products, Inc. 
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losses for three runs on each sample are shown by the solid 
bars in Fig.4 The cross-hatched bars show the mean Rock- 
well C hardness for 5 disks of each steel and size. The range 
of hardness for each group of 5 disks is also shown. Note 
that the hardness varied as much as 6.4 points, or approxi- 
mately 15 per cent. Data for laboratory wear tests on samples 
from different disks of the same type of material varied a 
maximum of 5 per cent. Disks used in this study, except for 
samples C, D, and E, were regular production disks made by 
four manufacturers and obtained from dealers in the South. 
Samples C, D, and E were made up from new materials the 
manufacturer hoped might produce superior tools. The data 
in Fig. 4 show that they were not superior to the manufac- 
turers regular production disks, samples A and B. 
Comparison of Laboratory and Field Data. The samples 
for both sizes of disks are arranged in order of their weight 
loss in the laboratory tests. The lines connecting the tops of 
the bars for the laboratory and field tests show that data for 
the two types of tests correlate very closely. First glance 
gives the impression that the field data would place samples 
C and F in reverse order. It is to be noted, however, that the 
differences in the measured weight losses in the field for these 
disks were only 0.01 lb and the difference in the weight loss 
for the laboratory tests was only 0.002 g. These differences 
amount to approximately 2 per cent of the values, so are 
within the probable experimental error, especially for the field 
tests. For all practical purposes these two samples should be 
classed as equal by both methods. 


Data for hardness of the disk blades does not correlate 
with wear. For practical purposes the disks, except for sam- 
ple G, would be classed as belonging to the same hardness 
group, as manufacturers allow a tolerance of 4 points, which 
would cover the range from 38.5 to 42.5. Though the allow- 
able tolerance is supposed to be only 4 points, the hardness 
for disks in at least three groups varied more than this amount. 


SUMMARY 


Various methods of measuring the wear resistance or rela- 
tive wear of metals that may be used for soil-working tools 
are discussed. A simple wear-test machine developed at the 
U.S. Tillage Machinery Laboratory and its operation are ex- 
plained. Data showing the correlation between the laboratory 
wear tests, field wear tests, and hardness of the samples are 
shown. 

Preliminary tests made using the USDA wear-test machine 
compare on a practical basis with field tests. Replica wear tests 
can be made on a metal sample in approximately 30 min, 
whereas field tests require hours of field operation that may 
necessarily be spread over a period of several months. The 
laboratory tests are made on samples approximately 2 in 
square. Field scale tools (disk blades, plowshares, etc.) must 
be made from each new material for field tests. Since labora- 
tory and field tests compare practically, small samples of all 
materials that might be used for tillage tools can be tested by 
use of the USDA wear-test machine. Those that show su- 
perior wear qualities can be made into test tools to determine 
whether or not they have the other characteristics such as 
shock resistance, tendency to scour, etc., necessary for superior 
tillage tools. This procedure should markedly reduce the cost 
of selecting superior materials for tillage tools. 
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Long-Time Performance of Draintile 


(Continued from page 97 


maximum allowable limit for shale tile of extra quality in the 
above-mentioned Standard Specifications. For example, in the 
case of plant No. 14, having an average ordinary plant out- 
put absorption of 13.0 per cent, individual tile with absorption 
as high as 18.9 per cent passed 48 cycles of freezing and 
thawing. This indicates that there was an excellent working 
margin for frost resistance of tile from this plant. By varying 
degrees, the same situation for tile from all the plants num- 
bered from 13 through 27. 


The 1930 tests summarized in Table 3 show that the tile 
which passed the freezing and thawing requirements of 48 
cycles for extra-quality draintile were of a quality that was 
all the name implies. Eighty-three per cent of 840 tile from 
the 27 plants also passed 96 cycles, or twice the requirements. 
In other words, extra-quality draintile of clay are well suited 
for extreme conditions of frost action. 

It is evident from the data of Table 3 that the water ab- 
sorption of tile of the ordinary plant output from plants num- 
bered 1 through 12 was much higher than the maximum 
absorption allowable for standard draintile. The tests show 
that these tile with high absorption values have low frost 
resistance and do not quite meet the requirements set forth for 
standard draintile in the freezing and thawing test carried 
out in the laboratory. 

The surface-clay tile with high absorptions and low frost 
resistance from plants 1 through 6 in Table 3 are of particular 
interest in connection with these long-time durability studies 
because tile from plants Nos. 1, 2, 3, 4, and 6 which were 
examined after having been installed (Continued on page 101) 
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A Plotting Machine for the Multiple-Point Potentiometer Chart 
By U. F. Earp and V. H. Baker 


JUNIOR MEMBER A.S.A.E 


HE multiple-point temperature-recording potentiometer 

has become a popular time-saving instrument for record- 

ing temperatures in agricultural research. The recording 
instruments that are now available will record temperatures 
automatically at regular intervals on a continuous chart 
from 16 points or less. Tests conducted by agricultural engi- 
neers of the Virginia Agricultural Experiment Station, show 
that about 1 to 144 man-hours are required to transfer and 
plot the records from a single thermocouple for a 24-hr test 
from the potentiometer chart to coordinate paper. This rep- 
resents considerable effort when tests of 24 hr or more involv- 
ing 16 different points are to be plotted. 

A plotting machine that will transfer the data from a 
potentiometer chart to coordinate paper in the form of a curve 
has been developed. The fourth model of the machine, Fig. 1, 
will plot curves at the rate of 3 ft or more of recorder chart 
per minute. It would take about 8 min to plot the records 
from one thermocouple for a 70-hr test if the chart on the 
recording potentiometer is operated at a rate of 4in per hr. 

Without the use of the plotting machine, an operator 
would normally require at least 3 man-hours to plot the 
record of one thermocouple printing every 8 min for the 70-hr 
test. In addition, the use of the machine eliminates much of 
the drudgery of the hand-plotting operation. 

The machine operates as follows: An electric motor is con- 
nected to the drum drive (2) (Fig. 1) through a gear-reduc- 
tion system (1). As the drum (3) turns, a pinion gear on the 
drive shaft through the drum meshes with a rack gear that is 
fastened to the plotting table (4). As the chart (5) moves 
over the drum, the operator follows the point to be plotted 


This paper was prepared expressly for AGRICULTURAL ENGINEERING 


The authors: U. F. Earp and V. H. Baker, associate agricultural 
engineers, Virginia Agricultural Experiment Station, Blacksburg, Va. 


AuTHOoRS Note: The contributions of P. E. Larosa and J. P. R 
Cristel, formerly graduate students in agricultural engineering, Virginia 
Polytechnic Institute, in developing the first model of this machine, and 
the assistance ot Roy B. Davis, Jr., is gratefully acknowledged. 
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Machine developed by Virginia agricultural engineers for plotting the 
multiple-point potentiometer chart 
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with a guide point (6) by observing through the magnifying 
glass (7). The guide point is adjusted laterally with the hand 
control (8). The horizontal motion of the guide point is trans- 
ferred to the plotting pen (9) through the plotting arms (10). 
The chart is placed over the drum and is fastened together as 
an endless belt. When the records for one point of the poten- 
tiometer have been plotted, it is only necessary to re-orientate 
the machine and continue by plotting the records for the next 
point. The temperature scale and the time base may be ad- 
justed to suit individual needs. 


Long-Time Performance of Draintile 


(Continued from page 100) 


from 18 to 34 years with depths of cover ranging from 0.8 to 
2.5 ft seldom showed deterioration that would be presumed 
to have occurred. The letters and numerals in parentheses 
shown in Table 3 are the installation designations used in 
Table 2. At installation 8, where the tile had been installed 
for 31 yr with a cover of 1.5 ft of muck, they were all in good 
condition with an average absorption of 36.7 per cent as 
shown in Table 2. In the 1930 laboratory tests tile taken 
from stock pile at the same manufacturing plant had an 
average absorption of 31.6 per cent and failed after but eight 
freezing and thawing cycles. Only those with an absorption 
which did not exceed 15.1 per cent met the requirement of 36 
cycles for standard draintile. Comparable situations varying 
only in degree were found at other of the surface-clay tile 
installations. 

The evidence seems to warrant the assumption that drain- 
tile with fairly high absorption are more satisfactory in service 
than would be predicted from tests made in the laboratory. 


CAUTION 


It should be kept in mind that high absorption clay prod- 
ucts are rarely high strength products. This is important in 
the drainage field as the present trend is to install tile rela- 
tively deep in machine dug ditches considerably wider than 
those formerly dug by hand. Both of these conditions materi- 
ally increase the static loads on the tile, necessitating strong 
tile in order that cracking in the trenches may be reduced to a 
minimum. Furthermore, the use of heavier farm machinery 
than formerly has increased the superimposed load factor. In 
keeping with good engineering practice, the emphasis, there- 
fore, is certain to be toward a demand for stronger tile. 
Fortunately, use of stronger tile will almost automatically 
bring about use of tile lower in absorption and, in turn, higher 
in frost resistance. 


AvuTuors’ Note: The authors are indebted to C. L. Larson of the 
livision of agricultural engineering, University of Minnesota, and to 
the following part-time student assistants for collecting the tile from the 
field installations and tor making the many laboratory tests: O. W. Rye, 
D. W. Hubbel, and Boyd Forrest. The authors are obligated to Robert 
Chen for assistance in making the Jaboratory tests and in the prepara 
tion of this report. The authors appreciate the many kindnesses ex 
tended by the landowners and occupants of the farms from which tile 
were taken for the tests. Without exception, cooperation was of the 
highest order 


Looking Ahead 

y WE are to preserve our system of private venture capital 

against its enemies, we must do so by continued and in- 
creased proof of its advantages over any other system. That 
can only be done through our products and our services. And 
every product, and many of our services, begin on the drafting 
board of the engineer.—Gen. L. H. Campbell, executive vice- 
president, International Harvester Co., in Midwest Engineer 
for January, 1951. 
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Basic Behavior at Freezing and Thawing of Six Foods 
By John E. Nicholas and John S. Perry 
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N A former study of the freezing rates of certain foods(1 ) * 
it was observed that all products go through three suc- 
cessive and distinct phases of cooling. In a later study, 

an unusual phenomenon, the appearance of eutectic points in 
cooling curves, was noted in an experimental study on frozen 
fruit pies (2). This behavior was different from that previ- 
ously noted in experiments with other foods, especially prior 
to freezing. 

Although repeated, later experimentation yielded data 
which substantiated the above observation, a reasonable expla- 
nation for this anomaly was not apparent. Neither was it 
conceivable that this phenomenon may have eluded the many 
investigators during their studies in the freezing of products 
under the variety of conditions. Consequently additional ex- 
periments were carried out in hopes of obtaining some expla- 
nation or reason which might be applied to this apparently 
unusual occurrence. 

The Three Stages. The three stages through which food 
passes are precooling, freezing or crystallizing, and subcooling 
to very nearly the temperature of the freezing environment in 
which the product is ultimately stored. Vegetables or fruits in 
their natural states have large water contents and may be 
considered mixtures of relatively homogeneous substances. In 
contrast, freshly prepared food products, whether cooked or 
uncooked, are combinations of mixtures of soluble starches, 
sugars, fats, salts, vitamins and other materials, and their 
behavior during cooling and subsequent freezing may be quite 
different. 

In a freezing study of pies made from fresh cherries, 
raspberries, and blueberries, subcooling was followed by a rise 


in temperature presumably due to release of the heat of fusion 
during crystallization of sugars or other dissolved materials. 
Behavior of this kind characterized the process as various 


parts of the pies solidified. This action is of some scientific 
interest (3) and may have practical application where large 
quantities of foods of this kind are prepared and frozen for 
storage. 

Homogeneous and Heterogeneous Systems. A system is 
said to be homogeneous when it is uniform throughout its 
whole extent and possesses in every part, identical physical 
properties and chemical composition (4). A heterogeneous 
system consists of parts having different physical properties 
and possibly different chemical properties. Thus a system 
consisting of a mixture of salts, sugars and water is a mixture 
corresponding to the contents of fresh fruits and vegetables. 
Each part can be considered in itself homogeneous and sepa- 
rate from the other parts. 

The system as a whole, however, is heterogeneous, since it 
contains solids, liquids and possibly aromas in the form of 
gases. The homogeneous, physically distinct parts of a heter- 
ogeneous system are called phases. In a fruit or vegetable 
system, for example, the juices are in the liquid phase. Each 
phase has its own characteristic vapor pressure whicla changes 
in a definite way when the temperature is raised or lowered. 


Thermal Analysis. The process of solidification, freezing 
or crystallization is a physical change involving the appear- 
ance or disappearance of a phase attained by the removal of 
heat, or accompanied by the evolution of heat. 

The initial and final solidification temperatures (thermal 
analysis) of a mixture of two or more substances may be 
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most easily determined by means of thermocouples. The prac- 
tical determination of equilibrium is found by plotting the 
cooling curve of the mixture. Procedures used in this study 
employed thermocouples to measure rates of cooling. 

Freezing Point of a Mixture. A eutectic point on the cool- 
ing curve of a mixture indicates the temperature and compo- 
sition of the system when certain components crystallize out 
simultaneously. Several eutectic points may occur in the freez- 
ing process, depending on concentration percentages and num- 
ber of components in the mixture, 

When a component or components crystallize out, the 
process is accompanied by the evolution of heat, indicated 
by a rise in temperature. With the appearance of the first 
solid phase, the cooling curve exhibits a break “arrest.” 
As more and more of the solids separate, the composition of 
the mixture changes and crystallization again may be ac- 
companied by sufficient evolution of heat to cause a “second 
arrest.” With very complex mixtures, several arrests may 
be noted. 

Freezing. In the experimental procedure followed in the 
studies herein reported, the freezing technique was reduced 
to the simplest form. Only a single berry, bean or pea was 
frozen at a time, each unit being fully exposed to the freez- 
ing environment. Each individual fruit or vegetable was 
weighed to a fraction of a milligram before and after the 
freezing process. The capacity of the refrigeration system 
was infinitely large compared to the quantity of the product, 
so that the effect of the freezing would be negligible on the 
temperature of the equipment, To obtain temperatures a 
thermocouple made of No. 30, copper-constantan, enamel- 
covered wire having a relatively small heat capacity was 
inserted into the approximate geometric center of the mass 
of the product to be frozen. During the precooling, freezing 
and subcooling processes, the readings were consecutively 
recorded at one-minute intervals. This was very important 
since the phenomenon under observation is a rapid change. 
A longer interval between readings might allow points of 
arrest or ‘eutectic’ to be missed. 

A simple device made of No. 18 copper wire formed a 
frame from which the fruit or vegetable units were easily 
suspended by nylon threads. This method permitted the 
products to literally “hang” in the air approximately 3 in from 
the nearest freezer surface. All freezing was carried on with- 
out mechanical air motion or contact with the freezer coils or 
plates. It is possible that the heat transfer from the products 
to the low-temperature environment was accomplished by radi- 
ation and convection. 

Thawing. After a product had very nearly reached the 
freezing temperature environment, it was removed from the 
freezer. The whole unit consisting of product, suspension de- 
vice and thermo-couple system was placed in the prevailing 
laboratory ambient which generally varied between 70 and 
80F, Thawing rates were recorded at intervals similar to those 
of freezing. 

Since the fruit or vegetable for the short interval was at a 
temperature lower than the dew point of the moisture in the 
ambient, it soon became covered with frost. In subsequent 
warming, the frost gradually melted and collected as a drop 
of water; in the case of the raspberry several drops formed 
consecutively. 

Experimental Evidence — Eutectic Temperature. The in- 
itial temperatures of the fresh strawberry, Fig. 1, and of the 
low temperature air in which it was placed to freeze were 73 
and —21.3 F, respectively. Cooling of the fruit was accom- 
plished gradually, and in 9.5 min it had subcooled to 24.3 F, 
apparently to a eutectic point; for the temperature rose al- 
most immediately to 29.3 F and remained relatively constant 
for the next 10 min, when it gradually dropped. After 37 min 
it attained 26F, indicating that most of the solubles had 
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Fig. 1 The freezing and thawing rate of a fresh strawberry 


crystallized, after which the cooling was more rapid. The 
temperature of the strawberry at the end of one hour was 
—-13.8F and that of the freezing air -19.9F. Five minutes 
later, the respective temperatures were found to be -17.5 and 
-20.1 F. 

Just before the strawberry was removed from the freezer, 
its lowest temperature was —20.8 F, attained during 1 hr and 
20 min in the freezing environment. 

Upon its removal into a 77 F ambient, it warmed to plus 
20.8 F in 5 min, a rise of 40 deg, and at the end of 10 min, 
to 26 F, the temperature very gradually rising and the fruit 
decrystallizing. When the first stages of decrystallization 
appeared complete, a very rapid rise in temperature was noted. 

In the thawing process there appeared to be no tempera- 
ture variation which corresponded to the eutectic or subcooled 
temperature noted (plus 24.3 F) during the freezing process. 


Grape. The characteristic freezing and thawing curves for 
the Concord grape, Fig. 2, are quite similar to those of the 
strawberry. The initial temperatures of the grape and the 
freezing air were 74.9 and —22.8 F, respectively. After 9 min 
in the freezer the grape had subcooled to 23.1 F. Almost 
immediately its temperature rose to 28.3 F after which the 
grape again gradually cooled. At the end of 20 min it was 
down to 26.5 F when it began to cool more rapidly. After 30 
min its temperature was 21.8 F. It had subcooled to —17.6 F 
at the end of one hour, when the freezing air temperature 
was at —22.8F, the same as at the beginning of test. 

The apparent crystallizing temperature for the grape was 
noted to be approximately 28.3 F. Not until the temperature 
reached 20 F at the end of 31 min were the largest portions of 
the solubles solidified, after which the rate of temperature 
drop became more rapid. 

The interval from the time the grape was placed to freeze 
until removed for thawing was 3 hr and 48 min; during this 
time it was found to have lost 5.3 mg in weight and its tem- 
perature just before removal was —22.8 F. 

Six minutes after removal it had warmed to 20.1 F and 
4 min later was up to 25.2 F at which time decrystallization 
appeared to begin. At the end of 21 min with the temperature 
at 28.8 F, this seemed complete as the temperature once more 
rose rapidly each succeeding minute. 

As the grape thawed, as in the case of the strawberry, no 
eutectic point was noted. 

Raspberry. Because of a very late frost in the fall of 1949, 
a fine crop of “Indian Summer” variety raspberries became 
available for experimentation. 

The freezing and thawing rates for the raspberry, Fig. 3, 
have been made at two freezing temperatures, —22 and 6 F. 

It was singularly interesting that in one hour about one 
per cent loss in weight occurred when a fresh raspberry was 
exposed to room temperature without protection, Less than 
one per cent loss in weight generally took place in one hour 
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Fig. 2 Freezing and thawing rate of a concord grape 


when a raspberry was frozen without protection. This is a 
reasonable expectation. 

The initial temperature of the raspberry frozen in —22 F 
air was 75.5 F, it measured 11/16in in diameter, and it 
weighed 2874 mg. After 834 min, it had subcooled to 20.6 F 
while 15 sec later it had warmed to 29.6 F. 

The initial temperature of the raspberry frozen in plus 6 F 
air was 68.8 F, it measured 7% in in diameter and it weighed 
4105 mg. After 15 min, it had subcooled to 21.1 F, but it 
required 3 min to warm to 29.6 F. 

The eutectic temperature in these two cases was found to 
be 20.6 F, 

At the lower temperature (-22 F) the largest percentage 
of crystallization appeared complete at the end of 25 min and 
at 25.5 F, while at the higher temperature 55 min were re- 
quired to develop this phenomenon. 

Only the thawing temperature of raspberry frozen at —22 
are shown in Fig. 3. Placed in room temperature of 72 F it 
warmed from —23 to 22 F in 5 min and reached 27.8F in 5 
additional minutes. Decrystallization appeared to begin at 
the end of 614 min and at a temperature of 25 F. The tem- 
perature slowly rose until decrystallization appeared complete 
at 30.5 F, at the end of 20 min. 

The eutectic point for the raspberry for both freezing tem- 
peratures were lower than for the strawberry or grape. 

Plum — German Prune. The characteristic freezing and 
thawing rates of a whole and of a quarter section of plum 
are illustrated in Figs. 4 and 5, both being frozen at ~22 F and 
thawed at 75 F. 

The quarter section cooled from 70.3 to 21,1 F in 11.5 min 
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Fig.3 The freezing and thawing rate of a raspberry. The effect of 
delayed freezing at plus 6F as compared to —22F freezing temperature 
is shown 
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Fig. 4 Freezing rate of a fresh plum (German Prune) showing the effect 
of sizé— one-fourth section compared to whole plum on freezing rate 


and warmed to 25.4 F in the next 30 sec when it continued to 
pass through the zone of crystallization. Eighteen minutes 
later, a temperature of 22 F was attained and most of the 
solubles had solidified. With continued freezing, the fruit 
temperature fell at an increasing rate. 

The whole plum cooled from 74.1 to 21.5 F in 25 min, 
then warmed to 24.9 F in the next 30 sec; continued to crystal- 
lize, until a temperature of 22 F was reached at the 65-min 
interval; again the continued low temperature began to fall 
at an increasing rate. 

The indicated freezing or crystallizing temperature for the 
plum (at stage of maturity used) appears to be 25 F, and the 
zone of crystal formation lies between 25 and 22 F. 

The characteristic thawing curves for the quarter section 
and whole plum are similar to other fruits, Fig. 5. 

The effect of mass or larger heat capacity is indicated. 

Lima Bean. 


The stage of maturity of a fruit or vegetable 
is apparently an indication of the temperature at which it will 


begin to freeze. This probably indicates the percentage con- 
centration of the salts or Sugars in its Composition. 

A relatively mature lima bean (Fordhook) appears to 
freeze at a higher temperature than a greener bean of the 
same variety, Fig. 6. 

The more mature lima cooled from 60.3 
showing no visible arrest or eutectic point. 
continued between 29 and 27 F for 12 min, or to the 17-min 
interval, after which the temperature fell very rapidly, indi- 
cating that the zone of maximum crystal formation had been 
completed. 


to 29.4 F in 5 min, 
The crystallization 
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Fig.6 The freezing and thawing rates of a green and mature lima bean. 


effect of maturity or a difference in solubles seems indicated 
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Fig. 5 The thawing rate of a one-fourth section and 
whole frozen plum in 75 F ambient 


A relatively green lima bean subcooled from 62.1 to 22 F 
in 51 min, and gradually crystallized between 22 and 19 F. 
The zone of maximum crystal formation appeared complete 
at the end of the 18 min and the increasing rate of tempera- 
ture decline again was observed. 

The thawing temperatures followed the characteristic pat- 
tern of the fruits. In this case the lima warmed from ~22.6 
to 25.2 F in the first 5 min; from 25.2 to 29.4 F in the next 5 
min, and completed decrystallization in the third 5 min at 31 F. 

Peas, This study raised another interesting phase in food 
freezing. Was the heat transferred from the products to the 
freezer plates by convection, by radiation, or both? Was it 
possible to determine which of these two methods played a 
predominating role in the heat-transfer process? 

To provide, perhaps in part, a possible explanation for 
these questions, tests were made in which single units of 
products were frozen in 2-by-2-in hollow cubes made from a 
20-gage sheet aluminum. One cube was painted black inter- 
nally, and the other was unpainted, permitting normal reflect- 
ing power from all sides. The painted internal walls pre- 
sumably had the powers of absorption of radiant energy of a 
black body; hence, the products frozen inside the painted cube 
might show a measurable difference in rate of heat transfer 
from that ef products frozen in the unpainted cube. 

Peas were the product selected for the test, primarily be- 
cause of ease in handling. 

Simple wire chairs or supports permitted the cubes to be 
similarly placed equidistant between two horizontal evapora- 
tors spaced 12in apart. Individual peas were suspended in 
the approximate geometric center of the respective cubes, with 
a thermocouple located in each for temperature measurement, 
while an additional couple was used to obtain the temperature 
of freezing air. No air motion was used. The freezing and 
thawing rates of the peas, under these conditions are pre- 
sented in Fig. 7. The designations 1 B and 2 B, and 2 W and 
3 W refer to individual peas frozen in the black and un- 
painted cubes respectively. 

In one * the trials (left chart) pea 1 B cooled from 64.6 
to 17.6F in 5 min and 25 sec (black cube) and pea 
2 w’ cooled from 65.9 to 11.9 F in 7 min (white cube). 
Pea 1 B rose in temperature from a eutectic point of 
17.6 to 26.1 F in 35 sec, while pea 2 W rose in a sim- 
ilar way from 11.9 to 27 F in the succeeding minute. 
The zone of maximum crystal formation in both cases 
appears to be between 27 and 25 F and seems to have 
been complete at the end of 16 min followed by acce- 
lerated cooling to the air freezing temperature. 

The thawing curve for peas was characteristically 
the same as for the other products reported. No meas- 
urable differences in heat transfer were found under 
the conditions of this test; therefore, whether the heat 
transfer was by radiation or convection remained 
undetermined. 
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SUMMARY 


si 


1 In the freezing of a fresh fruit or vegetable es 
the cooling curve will show a rise in temperature inne 


from an arrest point presumably because of crys- eo 
tallization of sugars, or other dissolved substances 
in the juices. 


April 12, 


2 Characteristic freezing and thawing rates 
were recorded for raspberries, strawberries, grapes, 
plums, lima beans and peas. 


3 Unusual behavior on the part of fruits and 
vegetables before crystallization was noted. 


Tr MPEemATURE CF) 


4 All products supercooled to much lower 
temperatures than those at which freezing began. 


5 The lowest point of arrest noted was 11.9 F 
found in a pea, which subsequently rose to 27 F 
before cooling to the freezing air temperature. 


6 After an arrest or eutectic point was reached, “co 
the temperature to which the product warmed ap- es 
pears to indicate its freezing temperature. 

7 These studies show that freezing of un- 
wrapped products exposed to low temperatures 
without air motion is rapid. This principle may have indus- 
trial application when large quantities of foods are to be 
frozen. 

8 When soluble materials are frozen out of solution, the 
crystallization process is exothermic as indicated by a rise in 
temperature. 


9 From the studies of this series it was not possible to 


differentiate freezing by convection from freezing by radia- 
tion (Fig. 7). 
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Fig. 7 The freezing and thawing rates of single peas suspended in blackenad and 


unblackened aluminum boxes 
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Determination of Water in Some Dehydrated Foods 


By Benjamin Makower 


OISTURE determination is probably one of the most 
important and most widely used analytical measure- 
ments in the processing and testing of food products. 

It is of economic importance both to the consumer and to the 
food technologist. To the technologist, the moisture content is 
frequently an index of stability and quality of food, while to 
the consumer it may serve as a measure of quantity as well as 
a measure of quality. 

The methods used for the determination of moisture in 
dehydrated foods have been divided into two classes, the direct 
and the indirect. The indirect methods, such as the electrical 
ones, must be calibrated in terms of the direct methods. 

The most common direct methods are the oven, the distil- 
lation, and the Fischer methods. They can be made precise by 
careful standardization of the experimental procedures; their 
accuracy can be assured only by calibration against some accu- 
rate reference method, 

Some of the common factors that control the accuracy of 
these direct methods are incomplete removal of water, thermal 
decomposition, volatility of non-aqueous components, and cer- 
tain side reactions, such as oxidation and non-specificity of the 
Fischer reagent. 

A number of investigations describing different reference 
methods have been reviewed. They include drying to constant 
weight in vacuo at room temperature over a good desiccant, 
the redrying procedure (oven drying), the lyophilization pro- 
cedure, distillation with organic solvents, the reversibility 
procedure (oven drying), and a modification of the Fischer 
method. 

None of these reference methods can be given an unquali- 
fied recommendation as being the most practical and suitable 

This is an abstract of a paper presented at the annual meeting of the 
American Society of Agricultural Engineers at East Lansing, Mich., 
June, 1949, as a contribution of the Rural Electric Division. 

The author: BENJAMIN MakKoweRr, in charge of raw material sec- 


tion, fruit processing div., Western Regional Research Laboratory, U.S. 
Department of Agriculture, Albany, Calif. 


for all foods. The room-temperature-drying method is pro- 
hibitively long. The redrying and reversibility procedures are 
rather laborious and time consuming. The distillation method 
cannot ordinarily be used for calibration, because it does not 
usually yield a definite end point. The lyophilization proce- 
dure appears to be the most direct and convenient calibration 
method for materials, such as vegetables, that do not contain 
much non-aqueous volatile matter. For a material rich in 
these volatiles a modification of the procedure has been sug- 
gested whereby the volatiles could be isolated and determined 
separately, 

The extraction of water at room temperature as a proce- 
dure for the calibration of the Fischer method requires further 
verification, because the reagent is not specific for water. It 
would be desirable to compare this calibration procedure with 
another. In general, agreement in the results of two or more 
independent calibration procedures might be used as a crite- 
rion of the attainment of accuracy. 

It appears that each particular food must be investigated 
separately to determine the most advantageous and expedi- 
tious method of calibration. Furthermore, the accuracy of a 
given calibration method can be expressed only in reference to 
the particular food material under investigation and not for a 
method in general. 

The choice of a particular method for routine measure- 
ments of moisture will depend on the nature of the food and 
the requirements of the analysis. The direct methods are gen- 
erally more suitable where high precision or accuracy are 
desired and speed is not important. The indirect methods are 
usally applicable when speed is essential, but high precision 
is not required. 

The advantages of vapor pressure as an index of moisture 
are discussed. At the present time very few vapor-pressure 
data are available for foods. It would be of great interest to 
measure vapor pressure concurrently with the moisture con- 
tent in order to determine the usefulness of the vapor pressure 
in studies on the stability of dehydrated foods. 
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Ventilation of Grain 


By Otto F. 


CCORDING to by Dr. Kurt 
Seidel, Berlin, I kg of grain with a moisture content 
between 14 and 15 per cent produces the quantities 

of carbon dioxide during 24 hr at various temperatures shown 
Table 1. However, respiration of grain is greater at higher 
percentages of moisture. For example, at 18C, the respira- 
ton, or production of carbon dioxide per kilogram of grain 


within 24 hr at different percentages of moisture is shown 
n Table 2 


TABLE 1 


Temperature 
lex € 


experimme nts conducted 


m 


TABLE 2 
Morsture 


Content, 


Respiration 
me CO Respiration, 


18 per cent me CO, 


sf 11 0.35 
4-15 1 


123 


40 


Moisture Content of Grain. Moisture contents of 
vary widely with locations and climatic conditions 
Europe (Germany, Czechoslovakia, Austria) the average con- 
tent of morsture in grain amounts to 15 to 16 per cent; in 
damp seasons it may rise to 19 per cent more. In the British 
Isles, due to climatic conditions, the moisture content may 
even climb to 24 per cent in wheat and barley. In other coun- 
rwowever, with drier weather during harvest time, such as 
southeastern Europe, (Hungary, Roumania, southern Russia) 
and, above all, the Middle West of the United States and 
Canada, grain is quite dry, within 14 per cent, or even con 
taining only 11 per cent moisture. Such grain is considered 
dry enough for safe storage, because respiration is practically 
negligible 
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Storages 


Theimer 


At 15 per cent moisture, however, respiration is suddenly 
released (Table 2). Such grain with more than 15 or 16 per 
cent moisture ts called damp grain and cannot be stored in 
closed bins of grain elevators. It has to be treated carefully 
on flat storage space, or dried down to 14 per cent by arti- 
ficial heat driers, a process which is quite expensive; or with 
a less costly method, now common practice in central Europe. 
This latter method keeps damp grain cool by forced-air cir- 
culation in bins of especially designed grain elevators, where- 
by also a moderate drying effect can be achieved, provided 
certain rules for ventilation are observed. 


Equilibrinm Relationship. Relative humidity of air is of 
great importance to grain storage. After some time in stor- 
age, grain will adjust itself to the humidity of surrounding 
air. There is a certain equilibrium relationship between the 
moisture content of grain and the relative humidity of air, 
according to Dr. Seidel (Table 3). 

The author has developed 
the accompanying graphical 
chart to determine optimum 
atmospheric conditions for 
safe ventilation, a practical 
help to grain elevator oper- 
ators, which is time saving 
and foolproof. 


TABLE 3 


Relative humidity Mousture content 
of grain, 


per « 


8 
1 


ent 


This chart is based on the 
stipulation that waste air, 
after passing through the 
grain, shall contain only 75 
per cent relative humidity or less, not taking into account any 
moisture which it may absorb from the grain. The chart has 
been so arranged that the grain-temperature lines in their rela- 
tion to the saturation curve of the diagram indicate the per- 
missible limits of relative air humidity for safe ventilation. 

The horizontal lines of the chart ¢ 
temperatures ranging from 20 to 


5s 


18.6 


Jenote the usual grain 
(Continued on page 108) 
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** 


d bake tom rived he hes efinduced 


yeuan tieg bad meld. 


ind te De tem: 


ix. - paweee reohlalan 
Rirectians Fakes Baz. so0 lam ge ma tu 
v) ae 


or Og ra 
we osp eric at bw hd 


Fata 
21h the larar: 


i cue frend haeX ~ 
++ rok ercted (Me) ane wed past 


cee 


cs ete 
Sar veom 


i 


+-+4-+4- 4-4 
oe Sm we 


VENTILATION PERMISSIBLE 
wit! 
Any Am 


AIR OF PREDE TERMINED 
sUMIDITY 


qe 


CONDITIONED AIR ONLY 


a 


Ren apace a Op Sr owe OP oe = 
Serssssssec stress ss ’ 


i 


— 


| 
| 
! 


i 


TEMPERATURE OF GRAIN (GRAIN ATMOSPHERE) 


ve@trrage@@ea sereeWBedeueesses 42 Be ter 


sh iii x 


ss 


ation reserved 


TEMPER ATURE OF FRESH AIR 


+4444 $444 +4 oe 


( DRY BULB TEMPrRATURES) 


Sain aon aon toe oie de — 


i 


++ +4 + + 


é 


8 
PRE CROCS COSOCR OO RC RSS COSC GSC EGER EGGS ETE F | 


$—+—+—4-_4-——4 


- pee tte 4 


pts Fa py 


$46 4+ Pa 
+ tat 


es 


a 


zg 


s & 8 
GRAINS OF MOISTURE PER POUND OF DRY AIR 


j tet a a = ae 
96 97 Sw SGD 4 7 be 08 oe oe ae Oy mh ty Oe HE TT OBO w OO en oe om or oO 90" F 


Dr Otto f Themer 


sy Chee! Org Sake Ske mw 
Men 


be a + ears Aan 2a. hs = ea ne ae Pee} Seip id te) pe 
ig i Pe ee a ey ou 3 EP ‘on be Bah pet © Tyaleae's: Reg aec 2k eaores 
= Mis i eee cs. by GR: / xs Lew, . : en ae Seauaee ty Sp ef .gtae at 
Nea A a fc Os ee eae a ir aa 4a iidigegtctes ar | Uae he 1B ot ie > th Bees an 
ne a cond Ranta Were! Can tet a im at Pye com. ho aa ‘Mab RS aad Sere PR ee CS Ns cee 
oneal. ; tdi ay Bein sii Sa es REE PE ce De es a ES . ec a RR eR OS ME I 
Pete ehs a he em Se A a A we 00 73 Pee ie 
Tht ee em ; ‘e 
PY heme”. ‘ 
aN | 
Gee. 
eae 
mor 
pe bi | 
iy ; 06 ee ff 
fer 
a F 
a Po q 
oo. a 
oe j ! 
a 
as. 
vas 
{oe 
Pea i 
pe: 
tae ) 
_ ee 
area 
a. ‘ 
ae 
a | 
ae Pe 
Be it ; | 
whe. a 
ae 
es 
oe ee } 
a es CCS f 
nee |: . 
‘ 4 % ee 
Si ae is 4 
a Le —_ = — 
Spake 105 5 
Nee Oe 43 00 
5 : 
a i 
a a a 
ee a 
oa 
eh q 
. 
ee J 
ee: ; 
iy : 
a 
a 
ee 
eet Spatial . r cca 
ete”. 
Rie 
a 
pis: 
ioe 
Sere): 
Fate 
Rea 
wie 
ee . Te ee eee ee eM SeSSlerese' SS a 
nea “1 O14 ff af eee 
52 ae + ee SSeS D Added hd donk ro a + tt. 
i ° fearena 5a . Ay + ’ - 4 ae. - Be Be i 
a . wae ome Aiiatibeth aan Si Bikar @ en 
oon 7] : “4 i 
moro: ‘i 2 Ree Be TE Pibbeses | ae "fe. 
fe ma Ty I RT 
as +44 fm tt tts +f tees 44 +4, at pe 
Tee SRananan EEEREnEE Etatie Rone Ree Ce eee: 
vee Ee ree ee +4 Seer eres See Seer ee SSeS Sea + (teh. . — 
ae BE, — | Ke et it Ps eT] 
eh ees SS SRS SSeS Beas sw EESESS HS S 2 ees te ee 
hip res - a2 ftp ttt i ttt tt 4 gt > SS OS SE, OSE. SSB 
Read ee 4 SES SS SSS SSeS eee Se he > > +t ys $n > 
ce ee t= +4 : SR OSES fe ep ew Ssscsasces’ 5: <>~ Se EIe. SiS Se 
E os 52 ree : id ++ 44-4 +4444 - ++ +++ +++ ee tomes tee + ++ + 4 
ee [) (Be eae acces ens 
Saas AE a | SF See ewe © i . PR SSH Si Rgctee -eeeeeeeret i S 4m. 
TEES 4 dual ——— ae | ++ } + : eo HF I SS Se | - <em> 48 ie Oe: > 
ee ry tt 2S we 
vom ce os Sas tte ft t+ +444 SS ee <2 
See =o a  . = 
wy a 4 $455 4-55 Tt z $a4 ‘ +4 + + + ot , ie. 2. + és be — SS Saes Sae... B 
eee ee — He He a ts tl + ee § PN RG gS PNT RSS F 
oe. | +4 é | i A 4 pet. p44 & “4 > ‘Seats ana ar’ > <es Se. Sec cms san a 
edecaas es ‘ 1B A Si OE oe 0 Ss a We ee He We tae eae 4 ~~ Sy OD is SS + 4 a 
ae on } i } if Seok: ako if : + } . An foes (Oe ~ Oar eo eas 
Pee Seal i +44 ee a Re OE eo en. T i Se ee +4 + + 
eee a a wap a | b ze Sa: : a 1 Oe » EAS a << wm - 
teas - rs oe SSS SSS 
eS]: Bgs=2=—> Sres=: <<  -e sq: J ee See “er =a 
ror ae ; iz 4 +3 ; + Oe « ~4 ¢ t r + Paget tes P bee + > ee pt eb- ab Sa 
bet ee ; | ; > ir | rh ba ge oo @ pe i a Jet z I 4 ss 
se fottpcrhage t-te i BR Ce ses ees re eB, SS 
atu ome (f Caw Mel Weck REBE GI ae aeeee Oey De Po) sae SSS tS SS 
ae Pit oe ¥ 7a . 7 Pe + he a : 
hae Z bt  EEEREREEE EEeEEees bit Sesseeeet apr. 72: a te te] e ta=F= ; 
ie } Da mao aoe: ; > Ss ae Oe ee ee ae <> —- > > + oe ° Za > —— = —~ =; = 
Peles if eeeeSe ~ SST Sasa = SeRe Eee sy - SER ES SeasSESaSe Sas eee 
Se ee i334 Zs55 SS====> eee ee oe eee Se SSS ke: we ee e= — 5a > S=_ =: 
frre a=: : : Rae <— Se SS ees Fae ee: SSL ka ae te Sy = =: 
cphe eee : : ; oe >t. ‘ $ a: i = 2 ie. a t[ TSS Ay 
Se =) Sm tit be = gee ae Sa T+ > ~ > use S=25 =e ==- 
4 td jj ee. aS > ae Sq Snes Se ee te “he tae 2h 4s FS 
epee ls mel Se = SE ae =! = See: > ag Pt Sela=5 _——— ==== 
ti ee -eee: — <a ees Se —_ -——— eee S=S== See ce =e rer = =8sa= = 
aaa | > > te >, =P SS b — i SS ; 
a eM isc Seca ee etre SN MESON a SST pase 
Sake. SS SSS PSS eae es eee eae ne Sb See ee CONDE. 5 een PSN ESE PEPEIENOS FETAsT ara 
| fe ott fs i SS es “Se 2p PLS 
eee ae = See es Se eee ee 2 | 
oy ae ee ee ee es oe re er 2 ne 2 ke 
ee : 
ee Alt rghts of pv) SS : 
oo a 
Lee 
=. ae 
ai em : 
LMG. - 
aay | i 
By 
er 
i ae | 
“Oe ewe 
Ras D . 
“ae —_— 
7 . yee 7 re f P A Meets: in eee 7 ip Z beet 4 sme 2, 
? OS eas SAT ar Raa O35) Tal is | sna) ot Reais co ak Vag Bs Sul a a cat cee a < tye F SLs anid > 5 vib Via aol a 
a nae oo ae eee I es a aa eS 7 re Sie ie ee SO va espe 
ea Bre cag eee nS > UR ite ei oe a os Mee ene, Tae hems phere a" gle 
ae 2 oe AIRE 5 Sg Rens 8 y Sols Oh Coke aia a ber a “ioe es aa id PM irs oh ‘ oi Pieee Fie tied ae, 7 
ys, EVs Rese 5 ee arom ec ies CS atom pacer: Aras: Sa 7 Aria ioae ae a Rea Pe ae aN . ae 
Ble OR, RN eae Wes are ceeee Se eee ee Lae. ; ea hsoc ts) ae oe ei ee, Shae yee at 
"Pe: se Be yo hth aie mi May Peis Sor a Shes MS ger So ag | Ea “i Oates | | eae ee ee a . oy fee Hoe Oe 


a 


how to ‘baby’ 
a mammoth 


The way to handle a big load smoothly and 
easily with the smallest possible anti-friction 
unit is to use a Torrington Needle Bearing. 
The Needle Bearing has a higher radial 
capacity than any other anti-friction bearing 
of comparable size. We will be glad to 
show you what this can mean in terms of the 
compactness, capacity, life expectancy and 


all ‘round performance of your equipment. 


THE TORRINGTON COMPANY 
Torrington, Conn. ° South Bend ’21, Ind. 


District Offices and Distributors in Principal Cities of the 
United States and Canada 


TORRINGTON 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + STRAIGHT 
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NEEDLE ROLLERS 
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ROCHESTER GAUGES ARE BUILT TO 


STAY ACCURATE 


ON RUGGED SERVICE 


When you design engines for heavy work, you make them tough 
enough to take plenty of hard knocks. Rochester instruments are built 
that way, too .. . for rugged service on your hard-working truck, 
tractor, auto, marine and industrial engines, both gas and diesel. 

Rochester ammeters and temperature and pressure gauges are 
made of long-wearing metals to last as long as the engine itself. Their 
accurate, highly sensitive movements are protected with vibration 
and pulsation dampeners . . . and permanently sealed against water 
and dust. They always retain their original accuracy, too, even under 
high overloads. 

Famous more than 35 years for long, dependable performance on 
heavy-duty service, Rochester instruments are specified as standard 
equipment by nearly all leading tractor and many other engine 
manufacturers. Bulletins on request. ROCHESTER MANUFACTURING 
Co., INC., 99 Rockwood St., Rochester 10, N. Y. 


ROCHESTER MANUFACTURING CO., INC. 


MER EM IAL THERMOMETERS GAUGES —AMMETERS 
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Grain Storages 
(Continued from page 106) 


90 F. The vertical lines represent the 
normal temperatures of the atmos- 
phere from 15 to 90F, or dry-bulb 
temperatures, with values indicated 
on the lower edge of the chart. Wet- 
bulb temperatures are represented by 
oblique lines with values indicated at 
their intersection with the curved line 
marked “Wet Bulb and Dew Point 
or Saturation Temperatures.” The 
curves in the chart indicate the rela- 
tion of the two variables, that is, tem- 
perature of grain and temperature of 
fresh air, to the relative humidities of 
all possible air humidities from 0 to 
100 per cent. 


The chart is divided into 3 zones, 
A, B and C. Zone A being the area 
of the chart above the 100 per cent 
saturation curve; zone B, the area 
between the 100 and 50 per cent R.H. 
curves; and zone C, the area below 
the 50 per cent R.H. line. In order 
to find out which zone is indicated 
for proper ventilation, it is only nec- 
essary to locate point of intersection 
of the grain-temperature and_air- 
temperature lines. If the intersection 
falls above the 100 per cent satura- 
tion curve, or in zone A, ventilation 
with atmospheric air may be applied, 
whatever the relative humidity may 
be. Even air with a 100 per cent 
R.H. may be used, because the in- 
duced air will be warmed within the 
grain to such an extent, that the waste 
air will, at most, reach a 75 per cent 
saturation after passing through the 
grain. The growth of molds will 
positively be prevented and grain will 
be safe in storage. This is always the 
case if the induced air is at least 8 F 
cooler than grain, as can be seen from 
the chart. 


However, if the point of intersec- 
tion of the grain-temperature line and 
the air-temperature line falls within 
zone B, it means that air having a 
certain specified relative humidity has 
to be used, in order to limit waste air 
to 75 per cent R.H. In this case, the 
relative humidity of the air has to be 
predetermined by measurement, indi- 
cated by the oblique line at the inter- 
section point. 

In cases where the intersection 
points fall into zone C, only precon- 
ditioned air may be used for ventila- 
tion. Air with lower relative humidity 
than 50 per cent is chiefly used for 
drying of grain and such ventilation 
is not the subject of the present article. 


To explain the method further and 
to illustrate the practical use of the 
chart, a few examples are discussed 
below: 


Example 1 (Autumn). Combine- 
harvested wheat was stored in an 
elevator and during autumn the tem- 
perature within the bulk of grain rose 
to 68 F. For cooling purposes fresh 
air of 59 F is available, giving a dif- 
ference of 9 F. The intersection point 
of corre- (Continued on page 110) 
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How to design propucts 


q 


There’s no greater assurance of a useful and profitable 
future for your product than the selection of Clark 


products as components. Their own successful future 


depends squarely on 


on 


how capably they 


aah ‘CLARK > 


SPSS. EQUIPMENT COMPANY 


reason why Buchanan, Michigan 
“Working with Clark” 

appeals strongly 

to leading heavy 


OTHER PLANTS: 
BATTLE CREEK, 
JACKSON, 


equipment 
manufacturers is 
Clark’s endless 
engineering study and 
search for ways to 


“make and do it 
better.” 


PRODUCTS OF CLARK - TRANSMISSIONS. ¢@ FORK TRUCKS AND TRACTORS e AXLE HOUSINGS 
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WiTH A SUCCESSFUL FUTURE 


MICHIGAN 


sy 


AXLES % 


GEARS AND FORGINGS  e RAILWAY CAR TRUCKS © ELECTRIC STEEL CASTINGS e¢ TRACTOR UNITS 
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With Morse factory-packaged Roller 


Chain replacement parts both you 
and your agricultural machinery 
customers will enjoy advantages in 
handling, storage, and inventory- 
taking. They will also receive clean, 
dust-free Morse Roller Chain replace- 
ment parts ready for immediate 


installation. 


For complete information on this new 
program, write: Morse Chain Com- 
pany, Dept. 115, 7601 Central Ave., 
Detroit 8, Michigan. 


Arrangements can be made for 
your own label on each package 


-pT Morse meats 


Transmission 
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A.S.A.E. Meetings Calendar 


February 17—MICHIGAN AREA SECTION, Grosse Pointe War 
Memorial Center, 32 Lake Shore Drive, Detroit, Mich. 


February 26—Cnicaco Section, The Builder's Club, 22nd 
floor, 228 N. La Salle St., Chicago, Il. 


March 2—Iowa-ILtinois SecTION, Short Hills Country Club, 
East Moline, Il. 


March 23 and 24—SoutTHwest Section, Grim Hotel, Tex- 
arkana, Tex. 

June 18-20 — ANNUAL MEETING, Rice Hotel, Houston, Tex. 

August 27-29—NortH ATLANTIC SECTION, Chalfonte-Haddon 
Hall, Atlantic City, N. J 


Note: Information on the above meetings, including 
copies of programs, etc., will be sent on request to 
A.S.A.E., St. Joseph. Michigan 


ASAE Council Elects Nine Life Members 


| in : T ITS last meeting in December, the Council of the American Society 
Ree ie ; of Agricultural Engineers elected the following members of the 
; " wa Society to life membership, these members having fulfilled the require- 
MASONRY. CONS ments of the Society's By-Laws for such membership 
: Wallace Ashby, head, farm building and rural housing division 
; re a ge cae (BPISAE), U.S. Department of Agriculture 
oi ; sere ee R. U. Blasingame, head, agricultural engineering department, Penn- 


sylvania State College 
Deane G. Carter, professor of farm structures, University of Illinois. 


HERE are seven important steps in the construc- E. V. Collins, research professor of agricultural engineering, lowa 

a Agricultural Experiment Station 

tion of any concrete masonry farm structure. George W. Iverson, sales manager, Industrial division, J. I. Case 
Careful attention to these seven factors will result Company. 


E. W. Lehmann, head, agricultural engineering department, Univer- 


in strong, durable and weather-tight buildings: sity of Ilinois. 
G. W. McCuen, head, agricultural engineering department, Ohio 
PROPER PLA as to the intended use of the State University. 
] ANNING P bs C. K. Shedd, senior agricultural engineer (BPISAE), U.S. Depart- 
structure, its geographical location and the spe- ment of Agriculture 
cial requirements of the building site O. W. Sjogren, special representative, John Deere Killifer Company. 


2 ADEQUATE FOOTINGS placed on firm earth to ensure Thor Christensen New Chairman of Pacific 


lifelong service and stabilit Coast Section 
a HOR W. Christensen, assistant to the manager of rural electric sales, 


Pacific Gas and Electric Company, was elected chairman of the 


3 FLOORS and FOUNDATIONS of concrete—floors for Pacific Coast Section of the American Society of Agricultural Engineers 

labor-saving service and for keeping out vermin; at the Section’s 29th annual meeting held January 26 and 27 in Los 

° cs hia Angeles. He succeeds Clarence T. Rasmussen, chief engineer, John 
foundations for strength and rigidity. Deere Killifer Company 

Two other officers elected at the meeting include the new vice- 

4 QUALITY BLOCK that comply with A.S.T.M. speci- chairman of the Section, Henry Karrer, engineer-manager, Fresno 


fi > f au sy : b Irrigation District, Fresno, Calif., and Walter W. Weir, drainage 
cations for compressive strength, water absorp- engineer, University of California, who was re-elected secretary-treasurer 
tion and moisture content. M. R. Huberty, University of California, was elected a member of the 
executive committee. 

+ . Technical sessions on the first day of the meeting were held in the 

5 GOOD MORTAR for durable joints, using full face auditorium of the Sunskist Building in Los Angeles. The forenoon 
shell bedding and compacting the mortar to en- program opened with a talk by E. B. Rider, senior engineer of the 
» weathorsiak : Metropolitan Water District, on the role of the district in augmenting 
sure weathertight construction. southern California's water supply. M. E. Hamilton, chief engineer, 
Stockton Works, J. 1. Case Co., reported progress on the standardiza- 
6 SILLS and LINTELS for all door and window open- tion of hydraulic controls on farm tractors, with particular reference to 


. a ‘ : tractors of 35 dhp and larger. Techniques for drainage investigations, 
ings. Lintel reinforcement should be designed reporting in particular the cooperative study of tour different agencies 


for the load to be carried. in the Coachella Valley of California, was the subject of a talk by 

A. F. Pillsbury, associate professor of irrigation, University of Califor 

nia at Los Angeles. James N. Luthin, University of California, Davis, 

7 QUALITY WORKMANSHIP. presented a technical paper on the numerical analyses of flow through 


aquifers into wells 


Illustrated bulletins on all phases of quality con- The afternoon program opened with a paper by Samuel A. Hart, 
crete masonry construction are available free. junior irrigation engineer, University of California at Los Angeles on 

; = s = the principles of greenhouse design. This was followed by a review of 
Distributed only in the United States and Canada. orchard heater development by A. S. Leonard, agricultural engineering 


division, University of California at Davis. J. R. Tavernetti, agricul- 
tural engineering division, University ot California, and B. B. Ewing, 


PORTLAND CEMENT ASSOCIATION Farm machinery division (BPISAE) U.S. Department of Agriculture, 


reported on the joint project of the two agencies with particular refer- 
Dept. A2-1, 33 W. Grand Ave., Chicago 10, il. ence to factors affecting the machine picking of cotton. J. Biale, 


: os , University of California, discussed the subject of fruit physiology in 
A national organization to improve and extend the uses of portland cement relation to storage. This was followed by a talk by H. B. Walker, 


and concrete . . . through scientific research and engineering field work professor of agricultural engineering, (Continued on page 114) 
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cm eee a all 


There’s a 


to be done 


@ Here is another place where the tremendous earth- 
moving ability of the A-W Power Grader, with its 
exclusive All-Wheel Drive and All-Wheel Steer, makes 


it possible to do the work rapidly, at a cost well justified 
by the benefit to the land. 


The work starts with the Bulldozer pushing-in the 
banks, as shown in the second photograph. After this 
has been done, the blade moves the earth toward the 
low area, as shown in the third photograph. The lower 
photograph shows the completed waterway, ready for 
seeding with Bermuda grass. 


We would welcome the opportunity to tell you more 


about the many uses of the modern Power Grader in 
Soil and Water Conservation. 


AUSTIN-WESTERN COMPANY, AURORA, ILL., U. S. A. 
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Wire and Wire Products 


and our national 


soil erosion 


well-planned soil conservation 
A program involves (1) reloca- 
tion of fences to permit new field 
arrangements and fencing of new 
pastures (2) construction of ter- 
races, ponds, dams, flumes and 
many other structures to slow 
down run-off of excess water. Wire 
products play an important part 
in both of these operations as is 
shown below. 


U-S-S AMERICAN FENCE offers the best 
means available for keeping livestock 
under control. Livestock should be ex- 
cluded from woodlots, ponds and 
erosion scarred areas that are being 
revegetated. In pastured areas, fence 
is an important TOOL OF FARM 
PRODUCTION that enables livestock 


to harvest its own feed. 


AMERICAN WIRE FABRIC is an excel- 
lent reinforcement for concrete dams, 
flumes, spillways and irrigation ditches 


TIGER BRAND WIRE ROPE is used on 
earth-moving equipment, for hoists, 
tow ropes and other applications 
around the farm. 


AMERICAN ELECTRICAL WIRE AND 
CABLE is used for REA lines and offer 
a type of cable for every farm use. 
Special rubber covered cables are de- 
signed for underground use to distant 
wells and pumps. 


SEND FOR FREE BOOKLETS, “It’s Your Top Soil,” the 
Wire Rope Handbook and the Wire Fabric Manual. 


AMERICAN STEEL & WIRE COMPANY 
GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA STEEL COMPANY, SAN FRANCISCO 
TENNESSEE COAL, IRON & RAILROAD COMPANY 


BIRMINGHAM 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


TES STEE 


NEWS SECTION (Continued from page 112) 


ing the problem of segregating lemons by color. John B. Powers, 
University of California, was the last speaker at the session and dis- 
cussed electronic determination of color in lemons. The technical 
session was followed by a business meeting of the section, including 
the election of officers. 

The annual Section dinner was held in the evening of January 26 
at the Rodger Young Auditorium, with Clarence T. Rasmussen, chair- 
man of the Section, presiding. The feature of the dinner program was 
an illustrated talk by R. Earl Storie, soil technologist in charge of soil 
surveys, University of California, Berkeley, based on his experience as a 
member of the United Nations Mission of Technical Assistance to 
Bolivia. 

The program on January 27 was devoted exclusively to a tour of 
the new engineering buildings on the campus of the University of 
California at Los Angeles, including inspections of many of the inter- 
esting projects being conducted by the College of Engineering. 


Michigan Section Winter Meeting 


7 Michigan Area Section of the American Society of Agricultural 
Engineers will hold its winter meeting on February 17 at the Grosse 
Pointe Memorial Center, Grosse Pointe, Michigan. The meeting will 
open at 10:15 am. with a report on the activities of the National 
Institute of Agricultural Engineering in England, by Peter Hebbleth- 
waite, English agricultural engineering graduate student of Michigan 
State College. The second speaker on the morning program will be 
R. F. Weber, district sales representative, The Deming Company, who 
will discuss pumps for agricultural use. Following lunch, Mr. Tremblay, 
Industrial Photographic Service, will treat the group to a very inter- 
esting presentation on the use of high-speed movies to study rapid 
motion. The concluding paper on the program will be on frost control 
with wind, heat, and water by E. H. Kidder and C. M. Hansen, 


associate and assistant professor, respectively, of agricultural engineer- 
ing, Michigan State College 


Brown Addresses Washington Section 


T ITS regular monthly meeting, January 12, the Washington (D.C.) 
Section of the American Society of Agricultural Engineers was 
addressed by Carl B. Brown, Soil Conservation Service. His presenta- 
tion was of particularly current interest as Mr. Brown has been serving 
as a member of President Truman's Water Resources Policy Commis- 
sion. The serious nature and advisability of a coordinated approach to 
the conservation and utilization of our national water resources was 
pointed out. An introduction to this problem and a summary of the 
work which had been accomplished by the Commission showed the 
scope of integration of ideas among the groups concerned with the 
varied aspects of our water resources. About 42 members and visitors 
were in attendance at the meeting. 


Committee Activities 


NEW ASAE subcommittee — Subcommittee on Drainage Equipment 

—to study the requirements and effectiveness of equipment used 
for drainage work, is being set up by the Committee on Drainage (Soil 
and Water Division), of which John G. Sutton is chairman. It is 
intended that this subcommittee, of which Irwin L. Saveson, SCS re- 
search project supervisor at Baton Rouge, La., is chairman, will bring 
together men primarily interested in the development of equipment and 
those engaged in drainage work. 


Florida to Have Professional AE Curriculum 


CCORDING to word received from Frazier Rogers, head, depart 
ment of agricultural engineering, University of Florida, Gainesville, 
a professional curriculum in agricultural engineering was recently ap- 
professional curriculuma in agricultural engineering was recently ap- 
proved by the senate of the University of Florida. This curriculum 
will be administered jointly by the college of agriculture and engineer- 
ing. Students enrolled in the curriculum will register in and receive 
their degrees from the engineering college. 


Southern Farm Equipment Manufacturers Organize 


_— equipment manufacturers from ten southeastern states recently 
organized as the Southern Farm Equipment Manufacturers, Inc. The 
mission of the new organization will be to bring about intelligent co- 
operation and sharing of ideas concerning modern metal-working 
methods among the participating organizations. It will also enable them 
to recognize and do sofnething about the fact that all members of the 
farm equipment manufacturing industry in the South must be strength 
ened in order for the industry to prosper as a whole. 

The following officers were elected for the coming year: President, 
J. T. Cash, vice-president and treasurer, Knox Metal Products, Inc., 
Thomson, Ga.; vice-president and treasurer, E. C. Gibson, vice-president 
and general manager, Southern Iron and Equipment Co., Atlanta, Ga.; 
and executive vice-president, E. R. Rushin, product engineer, Atlanta 
Steel Co., Atlanta, Ga. 
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This bank of machinery at Bendix-Pacific takes agricultural cylinder 
piston rods for a joy ride. From rough stock in the foreground through 
machining, hardening and grinding operations to the automatic plating 
bath only minutes are consumed to finished part. These are 
standard operations on all cylinder piston rods manufactured by 
Bendix-Pacific — another example of the quality built into every 
Bendix product. Like many otherwise complex operations, 
Bendix-Pacific has streamlined all its processes from engineering to assembly 
to give you better farm tractor hydraulic equipment at lower costs. 
Without obligation, Bendix-Pacific welcomes the opportunity to 
quote on the manufacture of your hydraulic requirements, either to your 


design or engineered by us to your specifications. 
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PERSONALS OF ASAE MEMBERS 


Seward H. Foote, Jr., formerly agricultural field representative in 
New York state for the Portland Cement Association, has recently 
accepted appointment as public relations representative of the Lederle 
Laboratories Division of the American Cyanamid Co., with headquar- 
ters at 905 Waltower Bldg., Kansas City, Mo 


Evan A. Hardy, head, department of agricultural engineering, Uni- 
versity of Saskatchewan, will be on leave from his regular duties dur- 
ing the ensuing year, to assist the Government of Ceylon, at the request 
of the Food and Agriculture Organization of the United Nations, in 
the development of a new area for dry-land cereal production to stimu- 
late the country’s effort in the production of food. This activity is 
part of the United Nations technical assistance program in Ceylon. 


C. G. Pearse, vice-president and domestic sales manager, J. I. Case 
Co., has been given general supervision of domestic sales of the com- 
pany, succeeding W. L. Clark. Mr. Pierce has been with the Case 
organization since 1914, working his way up through the sales depart- 
ment, as salesman, general collector, assistant branch manager, branch 
manager, assistant sales manager, manager of domestic sles. In 1948 
he was elected a vice-president of the Company. 


J. Ridout, Jr. rural service manager of the Edison Electric 


P Institute since 1947, has been appointed editor of Electricity on the 

] ain ye Ts. Pat. No. Farm magazine. He succeeds the late Geo. W. Kable. Mr. Ridout 

BUT THEY RE ALL Knoedler eens graduated from Virginia Polytechnic Institute in 1939 with a BS degree 
et ae pending in agricultural engineering. Immediately upon graduation he joined the 


Kentucky and West Virginia Power Co. at Pikeville, Ky., as rural 


service engineer, and held this position until late 1940, when he 
= became power engineer for the East Tennessee Light and Power Co. at 
Bristol, Tenn. In 1941 Mr. Ridout became extension agricultural engi- 


ar eee T AW WT neer in charge of rural electrification for the South Carolina Extension 
MOST 15 versions of the famous FLOW-TING Service. During World War II he saw service in the Pacific as an 


ADAPTABLE Spring Hydraulic Seat are now available to ensign in the Navy. After being placed on inactive duty with the Navy 
SEAT IN THE fit 95% of all tractor makes and models— in 1945 he joined the North Carolina Extension Service in charge of 
f as well as many self-propelled combines rural electrification. He was appointed rural service manager of the 
INDUSTRY! and earth-moving units Edison Electric Institute in 1947 
g s. 


M. J. Taup, manager, mobile products sales, Vickers, Inc., has 
recently been transferred from Chicago to the Detroit office of the 


SPECIFIC Knoedler can de velop a FLOW-TING seat Company with headquarters at 1400 Oakman Boulevard. While in 
DESIGNS designed to fit most any tractor or imple- reat Mr bee 4 seston ned — s representative to the National 
FOR ANY ment — large or small, present or proposed, eabemanne on Sndustsiel Pipdrantins ; ; 
MACHINE This enginee ring coope ration is available W. L. Ulich, extension agricultural engineer, A. & M. College of 


Texas, won the 1950 fourth-place award in the education division of 
the James F. Lincoln Arc Welding Foundation competition. The win- 
ners in each division received a cash award and were given the priv- 
BASED Despite wide variation in appearance and ilege of designating a scholarship to an agricultural engineering student. 
. 4 N ‘lick ted to he scholarship provided by aware a 
ON ONE construction, all Knoedler seats operate on {r. Ulich elected to give the scholarship provided by his award to 


I t saaiataedl” i li bly student at A. & M. College of Texas, which is also his alma mater 
PROVEN the unitize¢ spring- hye raulic assemDly The scholarship, valued at $500, was awarded to R. C. Giesecke, a 


PRINCIPLE prove n by the auto indus try to be the last senior, at a meeting of the Texas Student Branch of ASAE. A second 

‘ride control” principle so far developed. scholarship was also awarded to L. A. Holms, a junior student, by 

All models provide instant adjus tment to “tailor” the ride W. T. Gunter who won the fourth prize in the agricultural producers 

so datuen’ dal % ® oandiines division of the contest. The scholarship winners were selected from 
oO driver s weight or ground conditions. 


without cost or ob ligation. 


students in the professional agricultural engineering curriculums, upon 
the basis of scholarship and general all-around character and ability. 


Robert W. Whitaker, formerly instructor in farm structures, Uni 
versity of Illinois, recently accepted employment with the A. O. Smith 
Corp., Milwaukee, Wis., with whom he will be engaged in farm 
equipment research and development 


Soft Coil Spring Hydraulic “Shock” Knoedler’s UNITIZED Ad- NE W BU LLE T INS 


Absorbs LPTHRUST Absorbs REBOUND justable Shock Absorber. 


A Comparison of the Effectiveness of Winterized and Mud-Snou 

It takes both s rings and hydraulic shock Tires on Snow and Ice. National Safety Council (Chicago, Ill.) This 

SPRINGS I } i er » didie is a report prepared by the Council's Committee on Winter Driving 
ALONE absorber action to provic > eee ve ride Hazards. It covers test methods and results as well as conclusions. The 
AREN'T control. The auto industry proved that latter indicate progress in improving the tractive performance of tires 
ENOUGH! years ago. Let us show you how the Knoed- under winter conditions, but not enough so that the Committee was 

-f ler seat can be adapted to any machine ready to revise its standing recommendations for winter driving safety 

where an even “floating” ride—free from shock, “see-saw” or Sediment Design Criteria for the Missouri Basin Loess Hills, by 


dumping action — can noe to operator safety & health. L. Gottschalk and Gunnar M. Brune. SCSTP 97 (October, 1950). A 
technical review of the problem, field studies, results, recommendations, 
and conclusions 

Knoedler’s proven Ride-Control principle can be devel- 
oped for any tractor or implement design, present or 
proposed. Speculative engineering help aeatiidiie at no 
obligation. 


Investigation of Rock Drilling Equipment for Fence Postholes and 
Other Farm Uses, by Edsel J. Burkhart. Texas Engineering Experi- 
ment Station (College Station) Research Report No. 17, October, 1950. 
Discussion of methods and equipment for drilling postholes in rocky 
soils. Preliminary analysis, not supported in all cases by actual tests, 
is indicated to favor the power auger for soil containing loose rock: 


the gasoline-operated jack hammer for holes of less than 4-in diameter 
KNOEDLER MANUFACTURERS, INC. P ; aia _— 


in medium to hard rock; and shot-bit rotary drilling for holes of 4-in 
Dept. AEG 118 lowa Ave. Streator, Ul. diameter or larger, and 2 ft deep in medium to hard rock. 


Phone or write for prices, prints 
or specifications. 
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‘ee —LAST 35 YEARS PLUS! Fireproof, rotproof, weatherproof. 
a Thousands have already been in service 35 years. No signs 
: they won't last another 35 years or more! New American 
Colonial design is the most beautiful ever developed. Easy 


to apply. 


For greater fire safety on the farm 
...Johns-Manville Building Materials 


jolette Flisbaadl 


STRONG AND TOUGH: Time-tested sheet material of 
asbestos and cement, can be used outdoors, indoors... 
is rodentproof, fireproof, sanitary. Saws and nails like 
wood, never needs preservative treatment. So flexible 
it can be used on curved surfaces. 


SUPERIOR INSULATION: Keeps farm building 
temperatures more uniform ... helps produce more 
milk, more eggs, more weight per pound of feed. 
Easily installed, fits snugly, will not settle. And it’s 
fireproof ... you can’t burn it even with a blow 
torch. 


Other Johns-Manville building products for the 
farm include Smoothgrain Asbestos Siding 
Shingles, Insulating Board, Ceiling Panels and 
Wall Plank, Asphalt Shingles, Asphalt Roll Roof- 
ing, Roof Coatings and Putties. Write for our 
catalog of building materials. Johns-Manville, 
Farm Division, Box 290, New York 16, N. Y. 


*Reg. U. S. Pat. Off. 
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Marlow WATER WIZARD 
SPRINKLER IRRIGATION PUMPS 


. dependable 
. economical 
. easy fo use 


Model 692DS 
6 inch suction 
ond discharge 


Modern design — These pumps embody the latest 
features for modern sprinkler irrigation. Marlow 
Water Wizards are new . . . designed especially for 
today’s mew pressure and capacity requirements. 
They will supply water dependably. They are thrifty 
and virtually maintenance-free in operation and are 


built to last for years. 


Complete size range — Marlow centrifugal irriga- 
tion pumps offer a wide choice of models for any 
job. Available in 14 models, sizes 2- to 6-inch, includ- 
ing two models designed especially for 2- and 3-acre 
sprinklers. Capacities 50 to 1900 GPM; pressures 30 
to 200 PSI. Gasoline and Diesel engine driven; all 
models may be equipped for belt drive or supplied 
direct coupled to electric motors. Skid mounted or 
with steel wheels or rubber tires. 


Model 3125 3 inch 
suction and discharge 


for full 


information. 


Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Batchelder, Edwin L., Jr —Farmer, 411 Exeter Rd., Hampton, N. H 

Bonnicksen, LeRoy W.—Industry fellow in agr. eng. res., Iowa 
Agricultural Experiment Station, Ames, Iowa. (Mail) 331 Pammel Court 

Brannstrom, Arnold J.—Asst. co. supervisor (FHA), USDA. (Mail) 
115 West Grand Traverse, Big Rapids, Mich. 

Clement, Dean E.—Eng. service trainee, Harry Ferguson, Inc. (Mail) 
1944 Edison St., Detroit 6, Mich. 

Cole, John M.—Trainee, J. 1. 
Davenport, lowa 

Cook, Donald ].—Farm service advisor, Detroit Edison Co., Mon 
roe, Mich. 

Cook, Eldridge J —Sales promotion dept., J. I. 
1047 Gordon St., S. W., Atlanta, Ga. 

Coy, Glenn C.—R R 1, Stryker, Ohio 

Cromwell, Charles F., Jr.—Service man, W. W. 
Ranch Headquarters, Box 1457, Coalinga, Calif 

Cunningham, Henry, I11—Trainee, Caterpillar Tractor Co., Peoria, 
Ill. (Mail) 118 N. Institute Place 

Day, Omar H.—Engr., product research and development, Butler 
Mtg. Co., 7400 East 13th, Kansas City, Mo. 

Diederichs, Leonard P.—Asst. service mgr., Northwest Tractor and 
Equipment Co., Minneapolis, Minn. (Mail) 4926 42nd Ave., S. 

Dorran, Russell N.—Advisor, Umatilla Electric Cooperative Assn 
(Mail) RR 1, Helix, Ore. 

Edie, Charles C.—Trainee, eng. service, Harry Ferguson, Inc. (Mail) 
3525 Krafft Rd., Port Huron, Mich. 

Ferguson, C. E.—Engr., line superintendent, Kay Electric Coopera 
tive, Blackwell, Okla. (Mail) 921 S. Main St. 

Filson, Russell N.—Farmer, Woodrow, Sask., Canada 

Finley, Weyman E.—Service rep., Gibbs Corp., Maitland, 
(Mail) PO Box 281 

Fisher, Howard F.—Bridge designer, Iowa State Highway Commis- 
sion, Ames, Iowa. (Mail) 221 Hyland 

Ford, R. F.—Fieldman in agr. eng., Canadian Dept. of Agriculture 
(Mail) Agricultural Engineering Dept., Ontario Agricultural College, 
Guelph, Ont., Canada 


Case Co. (Mail) 2004 Belle Ave., 


Case Co. (Mail) 


Weeth “Wil-Do” 


Fla 


Forshee, C. L.—Eng. sales, Goulds Pumps, Inc., Seneca Falls, N. Y. 

Glover, John W.—Trainee, International Harvester Co., Charlotte 
Branch. (Mail) 1315 Hutchison Ave., Charlotte, N. C. 

Ghosh, Biswa N.—Jr. reclamation asst., soil conservation dept., Da- 
modor Valley Corp., Hazaribagh, India 

Gonzales, Adolfo L.—Irrigation engr., Henry C. Hitch Co. (Mail) 
Derry, N. M 

Gray, Fred R—Planning engr. (SCS), USDA. (Mail) PO Box 287, 
Weatherford, Okla. 

Guiry, Peter—Asst. in parts dept., McCormick Deering Implements, 
Ltd. (Mail) Mason Rd., Ladner, B. C., Canada 

Gustafson, M. Lee—Irrigation sales engr., Tart-Ide Corp. (Mail) 
3512 Ist Ave., S., Minneapolis 1, Minn 

Haas, Roger C.—Farmer, Rolla, Mo 

Haeske, Gerold A.—302 N. Jefferson Ave 

Haigh, William A—Sales trainee, The Oliver Corp., 1115 Sample 
St., South Bend, Ind. 

Hall, Garth O.—Graduate student, Michigan State College. (Mail) 
Box 551, Marion, Mich. 

Hamilton, W. S. D.—Territory mgr., John Deere Plow Co., Ltd. 
(Mail) Box 19, Merrickville, Ont., Canada 
Harris, Donald F.—Sales engr., Race and Race, Inc., Winter Haven, 
(Mail) 730 West Central 
Harrison, H. P.—Zone mgr., Massey-Harris Co., Ltd., Regina, Sask., 
Canada 

Hedlind, George—Field supervisor, Linn Co. PMA. 
A St., Corvallis, Ore. 

Hodges, Teddy O.—Res. fellow in agr. eng., Iowa State College, 
Ames, Iowa 

Ingersoll, James H.—Asst. to the president, Ingersoll Products Div., 
Borg-Warner Corp., 310 S. Michigan Ave., Chicago 4, IIl. 

Jordeth, Elmor P.—Instr., veterans’ farm training program, Wallace 
Independent School, Wallace, S. D. 

Karlin, Marne J] —Co-owner, asst. mer., Karlin Farms, Catherine, 
Kans. 

Kepner, Carl L.—Supervising engr., Caterpillar Tractor Co. (Mail) 
412 Indiana, Morton, Ill. (Continued on page 120) 


, Saginaw, Mich. 


Fla. 


(Mail) 352 
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KILN-DRIED DOUGLAS FIR. Rilco 

Rafters are glued laminated framing 
members factory-fabricated of finish-grade, 
kiln-dried Douglas Fir. They are 4 times 
stronger than nailed rafters, give 
maximum resistance to wind and snow 
loads. There is a correct size 

for every width and type of building. 


WATERPROOF RESORCINOL GLUE. 

This glue is not just water resistant 

but completely waterproof. Stands up 

permanently under, extreme conditions of 

exposure or moisture. This is 

ee important in dairy barns 
cause of their high humidity. Quality 

bonding assures long-term service. 


ENGINEERED CONNECTORS. Three 
special methods of joining add strength to 
every Rilco building. Angle irons anchor 
base of rafter to sill or foundation. Floor 
joists are connected to rafters with metal 
connectors to resist horizontal force. 
Ridge plates connect rafters at roof ridge. 
This makes a continuous framing member 
from foundation or plate to roof ridge. 


ONLY GENUINE RILCO RAFTERS 
BEAR THIS TRADEMARK YOUR 
ASSURANCE OF A DEPENDARLY 
ENGINEERED PRODUCT 


NO CUTTING! NO FITTING! Rilco Rafters are delivered cut to GOOD LOOKING! EASY TO WORK IN! Interior is 
exact lengths, drilled for hardware, ready for rapid erection. 100% usable. No braces. Use any type of roof covering. 


RILCO LAMINATED PRODUCTS, INC. 
1394 First National Bank Building, St. Pau! 1, Minnesota 


@ Please send full information on the following 
farm buildings: 


BARNS [| MACHINE SHEDS [_] POULTRY HOUSES 
COMBINATION CORN CRIB, GRANARY (_] HOG Houses 
Name 
Address 
te Se 


ae 


——— 


AFT APPLICATION 


a 


rt, iia tare 


7 eet; 


WE 
PRACTICE 
WHAT WE 
PREACH 


illustration, Stow Manufacturing Co. 
saved 50% of the production time 
formerly required for this important 
operation. 


Concrete vibrator heads are subject 
to terrific tension load. Because of 
this, special precision grinding 
operations are necessary in their 
manufacture to insure that outside 
and inside diameter of casings are 
exactly concentric. By using a Stow 
Flexible Grinder in conjunction with 
another grinder, as shown in the 


Stow con save 
money for you, 
too. Write today 
for catalog and 
specific informa- 
tion. 


Actual performance of these Tuthill pumps has proved 
their superiority in meeting today’s row-crop spraying 
requirements. 

These compact, dependable units handle insecticides, 
herbicides and fungicides commonly used for this service. 
Model 5W is made of corrosion-resisting materials for 
water base solutions. Model 5WCN is of all iron con- 
struction with exclusive new needle bearings—for oil 
base solutions. 

Both pumps are designed for direct mounting on 
power take-off. Over-all dimensions: 442" x 514" x 63%". 
Pressure range from 0 to 150 p.s.i. Delivers 5 g.p.m. at 
100 p.s.i. at 550 r.p.m.; 16 g.p.m. at 100 p.s.i. at 1750 
r.p.m. Self-priming...self-lubricating. 


Write or wire for complete information. 


Be 


tree 


P COMPANY 
t, Chicago 19, Illi 
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APPLICANTS FOR MEMBERSHIP 


(Continued from page 118) 


Kinnear, Robert B—Agr. engr. (SCS), USDA. (Mail) 42114 De- 
fiance Ave., Findlay, Ohio 

Kolega, John ].—Graduate fellow in agr. engr., Okiahoma A. and 
M. College, Stillwater, Okla. (Mail) Bennett Hall, E469 

Lane, John M., Jr—Housing engr., Maine Agricultural Extension 
Service, Orono, Me. (Mail) Agricultural Engineering Bldg. 

Lauderdale, Lawrence A.— Agr. engr., Benton-Lincoln Electric 
Co-op., Inc., Corvallis, Ore. (Mail) 3507 Tyler St. 

Lipp, Harold C.—Agr. engr., National Farm Machinery Co., Ohio 
Cultivator Div., Bellevue, Ohio. (Mail) 316 Northwest St. 

Magee, Robert M.—Territory mgr., John Deere Plow Co. (Mail) 
17489 Via Alamitos, San Lorenzo, Calif. 

Marston, Richard H.—Agr. engr. (SCS), USDA. (Mail) 558 Ply- 
mouth St., Whitman, Mass. 

Matthews, James S.—Agr. engr. (SCS), USDA. (Mail) Berlin, Okla. 

McDougall, Wallace—Jr. proj. engr., New Idea Div., Avco Mfg. 
Co., Coldwater, Ohio 

Meyer, Calvin ]—Owanka, S. Dak. 

Myers, Edward G.—Safety inspector, safety dept., Milan Arsenal, 
Milan, Tenn. (Mail) 316 W. Main St. 

Myers, Jimmy D.—Trainee, Caterpillar Tractor Co., Peoria, Il. 
(Mail) Training Dept. 

Nelson, Dwight F.—Sales engr., Masonite Corp. (Mail) RR 2, 
Boone, Iowa 

Palmer, Wayne B.—Salesman, International Harvester Co. (Mail) 
316 S. Henry St., Madison, Wis. 

Patterson, Robert K.—Inst. in agr. eng., University of Massachu- 
setts, Amherst, Mass. (Mail) Engineering Annex 

Rawlin, Glenn ].—Agr. engr., Swan Road, Centredale, R. 1. 

Riekman, W. L.—Field engr., Massey-Harris Co., Ltd. (Mail) Apt. 
10, 1570 King St., W., Toronto, Ont., Canada 

Rigney, James C.—Agr. engr., exp. lab., Allis-Chalmers Mfg. Co 
(Mail) 819 N. 34th St., Milwaukee 8, Wis. 

Roden, Darrell O.—Asst. foreman, United States Sugar Corp., Clew- 
iston, Fla. (Mail) Box 7330 

Schlegel, Wallace A—43rd Div. Band, Camp Pickett, Va. 

Schriml, A. L.—Eng. rep., Dayton Rubber Co., 1009 N. Washing- 
ton Blvd., Chicago 7, Ill. 

Scott, V. H.—Asst. prof. of irrigation eng., irrigation div., Univer- 
sity of California, Davis, Calif. 

Smallshaw, J]. W.—Trainee, Chain Belt Co. (Mail) 3614 N. 14th 
St., Milwaukee 13, Wis. 

Smith, L. A-—Sales and development, Aluminum Co. of Canada, 
Ltd., 1700 Sun Life Bldg., Montreal, Quebec, Canada 

Smith, Robert K.—Ext. spec. in rural elecn., Mississippi Agricultural 
Extension Service, State College, Miss. 

Stanton, Harold S.—Instr. in agr. eng., University of Arkansas, 
Fayetteville, Ark. 

Schneider, Jay N.—Farmer, Box 254, RR 2, Kokomo, Ind. 

Sowers, Lee R—Conservation aide, Mills Co. Soil Conservation 
District. (Mail) Henderson, Iowa 

Storm, Donald P.—Trainee, Skelgas Div., Skelly Oil Co., Kansas 
City, Mo. (Mail) 3716 Garfield 

Wenker, Harold E., Jr.—Factory rep., F. 
(Mail) 866 Liberty St., Meadville, Pa. 

Williams, Herbert ]—Farm engr., Colorado Central Power Co., 
3470 S. Broadway, Englewood, Colo. 

Williams, James M., Jr.—lInstr. in agr. eng., North Carolina State 
College, Box 5906, College Station, Raleigh, N. C. 

Winter, Dean W—Res. asst. in agr. eng., University of Illinois, 
Urbana, Ill. (Mail) 216 Agricultural Engineering Bldg. 

Witherspoon, D. F.—Graduate student in agr. eng., Michigan State 
College, East Lansing, Mich. (Mail) 208 West Shaw Hall 

Zehner, William H.—Chief des. engr., F. E. Meyers and Bro. Co., 
Ashland, Ohio 


E. Myers and Bro. Co. 


TRANSFERS OF MEMBERSHIP GRADE 

Bryce, George E.—Agr. eng. spec., ext. service, Manitoba Dept. of 
Agriculture, 153 Legislative Bldgs., Winnipeg, Manitoba, Canada (As- 
sociate Member to Member) 

Christopherson, C. H.—Assoc. prof. of agr. eng., University of 
Minnesota. (Mail) 2279 Commonwealth Ave., St. Paul 8, Minn. (Afh- 
liate to Member) 

Crawford, Paul A. Jr—Rural elecn. spec., Georgia Agricultural 
Extension Service, Athens, Ga. (Associate Member to Member) 

Holekamp, Emmett R.—Instr. in agr. eng., University of Arizona. 
(Mail) 448 University Ave., Davis, Calif. (Associate Member to 
Member) 

Rokeby, Thomas R. C.—Graduate asst. in agr. eng. res., Ontario 
Agricultural College, Guelph, Ont., Canada (Affliate to Associate 
Member) 
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Here’s how you can help your farmers 
plan and modernize their barns! 


See the Jamesway dealer in your community. He'll 
be glad to work with you in helping farmers with 
their plans for remodeling and equipping farm 
buildings. He'll help you show them how little it 
costs to modernize with Jamesway! 


Jamesway 


806. v8. Oat. one 


Ft. Atkinson, Wis. Mount Joy, Pa. 
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Los Angeles 63, Calif. 


by modernizing with 


REG. U.S. PAT. OFF 


Jamesway! 


SAVE MONEY “I lengthened my 


old barn by 60 feet and completely equip- 
ped it with Jamesway automatic ventilation, 
stanchions, stalls, barn cleaner, water cups, 
salt brackets and a feed truck. Using Jamesway 
plans, I modernized my old barn for about 
a third the cost of all new construction!” 


Says Warner Johnson, Stewartville, Minn. 


be Ne De ae ee ee 


ED 


SAVE TIME “My Jamesway electric 


barn cleaner has eliminated the dirtiest, 
back-breaking job in the barn. Now the flip 
of a switch cleans my barn in about 10 
minutes. By hand it would take at least an 
hour. Jamesway modernization has proved 
a real time-saver!”’ 


aes 
as Pad PDA Dn Sa 


aw JAMES MFG. CO., Dept. A-251 
mall Ft. Atkinson, Wis. 
sup 2 Please send me 25 of your free folders on modern- 


izing with Jamesway. 
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BETTER DESIGN 
.- best performance 


Internal design of the nozzle, one of the 

most complex in hydraulic engineering plus 

precision in machining . .. these are the two major ele- 
ments that determine nozzle performance. With TeeJet 
Sproy Nozzles you can be sure of engineering at its best 
and manufacture maintained at precision standards. 
TeeJets are the product of America's leading exclusive 
manufacturer of spray nozzles and related equipment for 
farm and industry. 


TRIGGER TeeJet.. 


The precision made trigger hand valve for port- 
able sprayers. Available with straight or curved 
extensions, with fixed-type or swivel nozzle bod- 
ies. Weighs only 10'/2 ounces. Vaive seat assem- 
bly replaceable. 


_ SPRAYING SYSTEMS CO. 


3226 Randolph Street. + Bellwood, Illinois 


Over 65 years in wheel manufacturing 
have given us the “know how” — 
modern production methods assure 
long life and efficient wheel 
performance in the field. 


There is an ELECTRIC spoke or 

disc wheel for most types of portable 
equipment. Axles are available 
where required. 


Our experienced engineers are 

ready to assist you in solving your 
wheel and axle problems and 

we will offer our recommendations ypon 
receipt of your specifications. 


WRITE FOR CATALOG 


ELECTRIC WHEEL CO. 


2811 CHERRY, QUINCY, ILL. 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personnel 
Service at its headquarters office in St. Joseph, Michigan, as a clearing 
house (not a placement bureau) for putting agricultural engineers seek- 
ing employment or change of employment in touch with possible employ- 
ers of their services, and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the Society. 
The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ‘‘Positions 
Open’’ and ‘Positions Wanted"’ on file at the Society’s office, and infor- 
mation on each in the form of separate mimeographed sheets, may be 
had on request. ‘‘Agricultural Engineer’’ as used in these listings, is not 
intended to imply any specific level of proficiency, or registration, or 
license as a professional engineer. 


Note: In this bulletin the following listings still current and 
previously reported are not repeated in detail; for further information 
see the issue of AGRICULTURAL ENGINEERING indicated: 

Positions Open: AUGUST—O.25-503, 25-504. OCTOBER—O-75- 
507, O-76-508, O-46-509. NOVEMBER—O-102-510. DECEMBER— 
O-113-514. 1951—JANUARY—O- 141-515. 

Positions Wantep: AUGUST—W-4-2. SEPTEMBER—W-40-10. 
OCTOBER—W’-69-13, 73-14, 71-15. NOVEMBER—W-93-16, 72-17, 
99-18. DECEMBER—W-81-21, 114-22. 1951—JANUARY—W- 106-24, 
140-25, 135-26, 145-27. 


NEW POSITIONS OPEN 


EXECUTIVE for special assignments to generally assist owner- 
operator of a 10,000 acre plantation in the South, devoted to special 
crop and livestock production and processing. Requires experience in 
construction, engineering, agricultural and timber operations. Salary 
open. O-158-516 

DESIGN ENGINEER for development work on tillage, planting, and 
cultivating implements in Midwestern plant of a full-line manufacturer. 
BS deg in agricultural or mechanical engineering and two or more years 
of experience in implement or similar mechanical design. Farm back- 
ground and usual personal qualifications for commercial design. Salary 
open. O-168-517 

AGRICULTURAL ENGINEER (assistant or associate) for research 
in power and machinery, chiefly development of special machines for 
Hawaiian crop conditions; possibly limited teaching. MS deg in engi- 
neering or equivalent; thorough understanding of machine design. Must 
be able to cooperate with other organizations, and have usual personal 
qualifications for college and research work. Faculty housing available 
on campus. Salary $4000 up. Additional annual bonus of $576 has been 
paid for several years. O-173-518 


AGRICULTURAL ENGINEER for design and development work on 
prefabricated farm buildings and component items, with manufacturer in 
the Midwest. BS deg in agricultural engineering, or equivalent. Farm 
background and some construction or architectural experience desirable. 
Good cooperator with aptitude for commercial development engineering. 
Good opportunity for advancement. Company is expanding operations. 
Manufacturing division produces prefabricated items for trade area of 
four states. Age 25-30. Salary open. O-150-19 


SALES REPRESENTATIVE for setting up and servicing dealers in 
prefabricated farm building items in Nebraska, Iowa, Missouri, and 
Kansas for manufacturer in that area. Architectural and agricultural 
training. Farm background and some experience in construction and 
sales work desirable. Pleasing personality and ability to meet people. 
Good opportunity for man who can adequately represent the company. 
Age 25-30. Salary open. Bonus arrangement. Company furnishes car. 
O0-150-20 


NEW POSITIONS WANTED 


DESIGN, development, research, teaching, or sales in farm structures 
field, in public service or industry, anywhere in U.S.A. BS deg in agri- 
cultural engineering, 1949, Michigan State College. Graduate study in 
architectural engineering, one year, Clemson College. Ford parts sales- 
man, 4 years. Clerical work 2 years. Farm hand 2 summers. Graduate 
teaching assistant, M.S.C., one quarter. AAF instructor in celestial 
navigation and dead reckoning, 2% years. War enlisted and commis- 
sioned service in Infantry and Air Force, nearly 5 years. Married. Age 
35. No disability. Available now. Salary open. W-147-28 


DESIGN, development, research, or teaching in power and machin- 
ery with industry or public service, anywhere in continental U.S.A. or 
Hawaii. BS deg in agricultural engineering, 1949, University of Idaho. 
MS deg in agricultural engineering, 1950, University of Minnesota. 
Irrigated farm background. Prewar business experience as bookkeeper, 
typist, and factory storekeeper. War enlisted service over 3 years in 
Medical Corps, Army Specialized Training Program, and Signal Corps. 
Summer 1947, recorder, U.S. Geological Survey triangulation party. 
Summer, 1948, assistant to educational director of farm equipment 
wholesaler. Past 1% years research assistant, University of Minnesota, 
on machines for applying herbicides and on flame cultivation of corn. 
Single. Age 27. Vision corrected with glasses. Available May 15. Salary 
$4000. W-148-29 


DESIGN, development, research, or writing, in power and machin- 
ery field, with manufacturer or federal agency, anywhere in U.S.A. or 
in Europe or South America. BS deg in agriculture, major in agricul- 
tural engineering, January 1951, University of Connecticut. Farm back- 
ground. Part time student work in agricultural engineering department. 
Experience in building trade. War enlisted service in Navy, 3 years, 
machinist mate. Married. Age 28. No disability. Available now. 
Salary open. W-151-30 


TEACHING or research in farm structures or soil and water field 
with college, experimental station or manufacturer, anywhere in U.S.A., 
Midwest preferred. BS deg, 1949, MS deg expected June 1951, both in 
agricultural engineering, University of Missouri. Farm background. Part 
time teaching in farm shop and elementary water management at 
University of Missouri, September 1949 to present. Research during same 
period on farm pond water for domestic use. War noncommissioned 
service in Infantry nearly 2 years. Married. Age 25. No disability. 
Available June 15 or September 1. Salary open. W-156-31 


(Continued on page 124) 
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When the small furrows of sheet erosion show, 
it’s high time a conservation program be put 
to work! Even though it may take a good 
many heavy downpours to highlight the dam- 
aging effects, each rain takes its toll of top soil. 

Conservation is good business anytime. 
Using land to its best advantage — rotating 
crops, leaving grassed waterways, contouring, 
strip-cropping, building ponds, planting mar- 
ginal sections to grass and timber — helps in- 
sure a more prosperous agriculture. It pays 
off in terms of easier farming and higher 
yielding crops...and at the same time, helps 
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preserve productive land for the generations 
to come. 

If we're to save our dwindling supply of 
rich top soil, we must work together. Con- 
servation demands teamwork. Saving our soil 
is a job for all of us — for we who design and 
build farm machinery ... for the farmers who 
use it...and for you, the agricultural special- 
ists, who work with and guide our 6 million 
farmers. 


THE MASSEY-HARRIS COMPANY 
Quality Avenue ¢ Racine, Wisconsin 


Manufacturers of tractors, combines, corn pickers, forage bar- 
vesters and a full line of other farm machinery engineered and 
built for better farming. 


FOR PROFITABLE FARMING 
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F & H WHEELS 


for 


AGRICULTURE 


and 


INDUSTRY 


Including 
Allied Products 


FRENCH & HECHT 
DIVISION 
KELSEY-HAYES WHEEL COMPANY 
DAVENPORT ¢ IOWA 


ADVERTISING OPPORTUNITY 
for 
AGRICULTURAL ENGINEER 


—with a practical, first hand 
knowledge of farming and farm 
equipment — and an ability to 
write clearly and forcefully. 


This position is with one of Chicago's best known 
advertising agencies. It provides the opportun- 
ity to write national and local farm paper ad- 
vertising —to develop complete promotional 
campaigns —to prepare interesting mailing and 
catalog pieces. Previous advertising agency 
experience is not necessary, but would be a 
distinct asset. A first-hand familiarity with 
Western or Southern farming would also be help- 
ful. Write us about yourself, giving full details 
of your training and experience and enclosing 
samples of your work. 


Box 51, c/o Agricultural Engineering 
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PROFESSIONAL DIRECTORY 


NM ut UROL TO TU 


MAAN i 


FRANK J. ZINK ASSOCIATES 


Agricultural Engineers 
Frank J. Zink Earl D. Anderson 


Wendell C. Dean 


Development - Design - Research - Markets - Public Relations 
BoarD oF TRADE BLDG., CHIcaco 4, ILLINOIS * e Tel. HArrison 7-0722 


RATES: Announcements under the heading ‘‘Professional Directory’’ in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be 
received by first of month of publication. 


PERSONNEL SERVICE BULLETIN 


(Continued from page 122) 


SALES, or service in rural electric field, including pump installations 
and service, electrical appliance work, or work with rural electric 
cooperatives. Industry or public service, preferably in Southwest or 
Rocky Mountain area. BS deg in agricultural engineering, January 1951, 
New Mexico College of Agriculture. Western Electric Co., 11 months. 
Summer 1950, chief supervisor, Dona Ana office of Production and 
Marketing Administration. War enlisted service in Navy 1% years, 
radar man 3/C. Single. Age 23. No disability, available now. Salary 
$2900-$3100. W-152-32 


DESIGN, development, or research in power and machinery, with 
industry or public service, anywhere in the U.S.A. BS and MS degs in 
agricultural engineering, 1948 and 1949. University of Illinois. Research 
on spray equipment June 1948 to August 1949. Teaching power and 
machinery courses since September 1949 at University of Missouri. War 
enlisted service in Navy, 2 years. Married. Age 24. No disability. 
Available July. Salary $4000-4500. W-162-33 


DESIGN and development in power and machinery, with manufac- 
turer, anywhere in the U.S.A. BS deg in agriculture plus 2 years grad- 
uate work in farm power and machinery. Farm background. Experi- 
ence, 10 years in design and testing of harvesting, tillage, and planting 
machinery. Soil conservation and forestry work 3 years. Able to 
direct farm equipment development program. Married. Age 40. No 
disability. Available July. Salary open. W-163-34 


SALES, service, or engineering in farm power and machinery field, 
with manufacturer, anywhere in the U.S.A. BS deg in agricultural 
engineering, 1950, Pennsylvania State College. Experience 4 months 
servicing heavy earthmoving equipment such as diesel tractors, power 
shovels, trucks, air compressors, rollers, pumps and power units. Cable 
splicer, Bell Telephone Co. of Pennsylvania, 5 years. Summer work at 
Pennsylvania State College as general farmhand at bull calf research 
barns. Recorder on sheet steel in process, J. and L. Steel Co., Pitts- 
burgh. Electrician's helper on home wiring and general electrical work. 
War enlisted and commissioned service in Navy, 3 years. Age 29. No 
disability. Available on reasonable notice. Salary open. W-164-35 


Water for Manufacturing 


(Continued from page 83) 


7 per cent indicated that an unlimited number of additional 
plants were possible. From the Chicago area, 147 replies ran 
the full range of opinion, with 56 per cent claiming no knowl- 
edge as to future possibilities. Even in the metropolitan area 
of New York, with its widely publicized water shortage, 60 
per cent did not know, while 9 per cent said the water poten- 
tialities were adequate for a large number of additional plants. 

As to pollution, the divergence of opinion is equally wide. 
For the Chicago area, for example, 13 per cent of 132 replies 
said that pollution is serious while 32 per cent said it is 
practically non-existent. Also for the Chicago area 37 per cent 
of 130 replies said the pollution situation is improving, while 
12 per cent said it is growing worse. This corresponds quite 
closely to the indicated nation-wide divergence of opinion as 
to the status and trend of pollution. 

These differences of opinion may be accounted for in part 
by actual differences in the situation at the various plant 
locations within individual areas. It seems significant, how- 
ever, that over the country as a whole, 39 per cent of replies, 
the largest single group, from over 3000 plants, claimed no 
knowledge as to potentialities for expansion of water use in 
their respective areas. 

This matter of water supply for manufacturing industries 
is related to agricultural water supply as there is and must be 
interflow of water, products, and money between agricultural 
and manufacturing areas. Above all else, the survey report 
suggests the extent of our need for more factual and wide- 
spread information on our water resources. 

Increasing appreciation of the problem and support of 
constructive work in this direction, by manufacturers, should 
prove a strong stimulus to progress. 
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